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THE    WATER    SUPPLY 


OF 


SAN  FRANCISCO,   CALIFORNIA 

Before,  During  and  After  the 
Earthquake  of  April  18th,  1906, 
and  the  Subsequent  Conflagration 


The  earthquake  of  April  :8th,  I9o6,  followed  by  a  general  conflagration,  ^^^1^  ^ 
the  business  potion  or  San  Francisco,  as  we,,  as  a  considerable :  part  of  the  •$£££$££  main 
The  earthquake  shock,  which  occurred  about  5.15  a.  m.  on  April  iStn,  ^nougn  J        s 


S3  ss=l= =s  ^sX^,s:^-  ~ 

one-sixth  of  its  capacity.  riin.lir„  rai1cPd  bv  the  earthquake,  in  turn- 

The  most  serious  injury  sustained  by  the  works  were  the  r  uptur «c» ed  by ^    J 

buildingS*  •    ,-  Hn,  the  laree  country   storage   reservoirs   with    the   city    distributing 

The  main  ^^^^^  Zuit  delivering  from  Lake  Merced    within  sixteen 
reservoirs,  were  rapidly  repaired,  tne  uppei  middle  level   or  San  Andres  con- 

hours  after  the  earthquake,  ■^J^gJ,^       g  e^flHon    aflot  a  day  into  the  city. 

£M!^5rw»5£S£S.  Sr^Lrictdurhigtheenlire  duration 
°f  th^?Prted  with  a  detailed  description  of  ^^^Z*££*%gZ 
^r^t^r^IuTp^acity,  and  a  short  review  of  the  history  of  the  same. 


THE  WORKS  OF  THE  SPRING   VALLEY  WATER  COMPANY. 

The  City  of  San  Francisco  does  not  own  a  municipal  water  supply,  but  is  being  supplied  by  a  private 
corporation,  viz. :  the  Spring  Valley  Water  Company. 

The  State  of  California  has  a  rainy  season,  during  about  five  winter  months,  and  a  dry  season,  during 
the  remaining  seven  summer  and  fall  months. 

As  the  climatic  conditions  of  our  State  are  such  that,  owing  to  occasional  two  or  three  successive  dry 
and  unproductive  winter  seasons,  the  streams  largely  decrease  in  volume  and,  in  many  instances,  dry  up 
altogether,  it  has  become  an  established  fact  that,  in  order  to  maintain  a  steady  and  constant  supply  of  water 
here,  either  for  irrigation  or  domestic  purposes,  no  matter  whether  the  rainy  season  is  wet  or  dry,  it  is  abso- 
lutely necessary  to  store  in  lakes  or  reservoirs,  whether  natural  or  largely  artificial,  the  surplus  waters  of  the 
wet  rainy  seasons,  in  order  to  tide  over  the  dry  seasons,  and  the  effect  of  so-called  "  dry  winters,"  which, 
experience  teaches  us,  are  bound  to  re-occur  here  from  time  to  time. 

The  necessity  of  thus  storing  the  surplus  or  waste  waters  of  our  California  rivers  and  streams  has  been 
proven,  to  my  fullest  satisfaction,  during  my  hydraulic  engineering  practice  on  the  Pacific  Coast,  since  1864. 
It  has  been  proven,  beyond  a  shadow  of  a  doubt,  that,  in  order  to  make  our  State  capable  of  supporting  a 
large  agricultural  population,  commensurate  with  its  marvelous  soil  and  climatic  resources,  the  first  and 
last  and  most  essential  condition  is  to  build  large  storage  reservoirs  in  the  watersheds  of  the  many  California 
rivers  and  streams  and  in  them  hold  back  and  store  the  surplus  and  waste  waters  of  the  same  with  a  view 
of  supplying  a  steady  flow  of  water  through  the  succeeding  dry  season  or  seasons,  and  thus  build  up  a  com- 
monwealth on  this  coast,  the  fertility  and  constant  productiveness  of  whose  resources  would  draw  to  our 
shores  and  nourish  millions  of  industrious  and  contented  people 

He^f  h0lds]g00d  f0r  a  Seneral  irrigation  scheme,  as  above  outlined,  also  holds  good,  only  in  a  greater 
degree,  for  supplying  our  municipality  with  water  for  domestic,  manufacturing,  municipal  and  other  pur- 
is  siore  SS^^h  t0get,hCr  in  ^  CaHf0rnia  dtieS'  a  C°nStant'  rdiabIe  and  ^  **«■  -PP^ 

shore  should  provide  themselves  with  «l ,  »ffi       V    u  materials,  etc,  all  cities  located  near  the  sea- 

could  be  used  for  flushing^ streJsewers  '       ^  **  m™  ^  whi<*>  at  *«  -me  time, 

^t2XT^i^:TuS":^^:;^T  «t  indrdent  from  the  *-*  — 

connections.  connections  whatever,  but  only  numerous  and  large  fire  hydrant 

I  shall  revert  hereafter  in  this  report  to  the  fact  that  n„r  l,t.  a-      . 
absolute  necessity  of  entirely  separating  the  do n    t        ate    s, n  ,    f      T  C(0nfla^rati°"  has  proven  the 
spread  of  the  fire  over  such  a  large  area  was  laZv    L       t     T\  **  f°r  fire  PUrP0ses;  as  the  rapid 

The  City  of  San  Francisco  derives  I w    fi  su 1,    ,™    „f  ^  ""T  ^^  ^  »mbi»ed- 
pany,  of  whose  engineering  department  I  have  1  a7  ha  "  2  /u    ^  S"™?  Valley  Water  Com- 

The  water  sources  of  the  Spring  Valley  Water  Comnan  ♦  °f  ^^      (See  Map  No'  r' ) 

three  separate  groups:  S  J         "  ComPa"y.  as  at  present  developed,  can  be  divided  into 

I.  The  Peninsular  Reservoir  supply    in  San  Maf™  r 

a.  The  Pilarcitos  Reservoir,  forme^y  * ^"f"^™  ^  ™™*™ 
height,  at  about  7oo  feet  elevation  above  tide  anJo  T  P        °  ^  about  ,,inet-v  feet  in 

is  connected  with  the  Lake  Honda  Distributing  ReservoirTT  t^"'  9S°  mi,H°n  gallonS-     Jt 
by  means  of  a  conduit  consisting  of  three  tunnel,      T       ,  ^nosco,  of  365  feet  elevation, 

one  and  one-half  miles  of  redwood  flume      ThT^JT         Wr0U^ht-iron  PfPe  line,  and  about 
earthquake  between  a  point  about  one  mile  south  of  S  „  A  7'  7™   praCticall-v   destroyed   bv   the 

ot  San  Adres  dam  and  a  .point  west  of  the  village 
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of  Baden,  by  the  San  Andres  earthquake  fault  following  its  course  for  miles.     (See  Maps  i,  6 

a"d  V.  The  San  Andres  Reservoir  is  formed  by  a  clay  dam,  about  9o  «*£&**'  gj  " 

core      Its  elevation  above  tide  is  about  45°  feet,  and  it  has  a  storage  capacty  of  about  55c ,0 *W 

gXns      This  reservoir  is  connected  with  the  College  Hill ^istributmg ^ervotr £^*™ 

(at  an  elevation  of  about  255  feet)  by  a  pipe  hue  cons.st.ng  of  44 mc h    37  md a       3 

wrought-iron  pipes.     It  is  proposed,  eventually,  to  extend  the  44-mch  pipe  ™  " 

CThif  pipe  was  badly  ruptured  by  the  earthquake  in  the  central  port.cn,  nea.  Baden  v.llage, 

its  diameter  is  37  inches.)      (See  Maps  16  and  9.)  .  h(. 

wrought-iron  pipe  line.      (See  Maps  I,  6  and  9.)  San 

This  44-inch  Crystal  Springs  pipe  line  crosses  the  swamp  lands  on  the  west  sd    of  y 

Francisco,  on  heavily  piled  bridges,  crossing  the  San  Bruno  Swamp  at  5,  on  Map  1, 
at  6,  on  Map  1,  and  the  Visitacion  Swamp  at7,«ifap  *•  earthquake  of  April  18,  the 

„„„„,  .1  ft.  .«»».     (S=«  M.p  .3  «I  e«ftj«' ;■  '•;  ';  vW„  „  ,„«  hi?  to, 

Thi.  i.  ftrtftmot.  .vidmerf  b,  fc  fta tnut  •        ^  or  ra„  mJ  of  „ 

sjrss  ss?r sstjs „  - *-  *  •  >-  -  <-  -  - 

"*£  eventually  raising  the  Crystal  Springs^  »J^2££;££^S 

would  be  increased  to  about  45,ooomdhon  gallons.  ^  ^.^  ^  have  sMe  feeder5, 

The  above  three  reservoirs,  viz..  nuucuus,  ^  ,     , 

Map  1)  into  San  Andres  if™>  ^  gan  Andres  water,  to  San  Francsco 

The  Pilarcitos  water  »  now  bong  sent  along  t .  g  earthquake,  arrived  m  Lake 

through  the  San  Andres  pipe  line  and  *^%^£m*t  is  now  supplied  by  forcing  into  ,t  the 
Honda  reservoir  in  San  Francsco  by  gnmtato£  ^^ co),  which  draw  it  from  the  San  Andres  p>pe 
above  waters  by  the  Lake  Merced  pumps  (near  J^^O.  ^  of  ^  ^^  pipe  , 

line  near  Ocean  View  Station  l**™**"^  \\  "s  have,  as  yet,  been  constructed,  although  the 
2.  On  the  Alameda  Creek  system,  no  storage ^rese  v  ^  ^  three  large 

Spring  Valley  Water  Company  owns  on  thrs  fine  ^  -heel  o  rf  ^  ^  stQra 

storage  reservoir  sites,  viz.  The  Calaveras^  Sa Anton     and      J  ^  from         Alam^ 

^iT-^ta«£^!£tf?:^   ,Ln   from  subterranean  developed  spnngs  and 
gravel  beds  and  from  artesian  wells. 
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By  deve.opin,  as  prosed,  the  Cameras  ^^^J^^J^^Z 
^-l^S^^t^rS^^P^  -  ProdUCt  of  ta  direct  and  me- 
diately adjacent  watershed  of  a  total  area  of  13S 'square  rmles_  wat£r  ^  ^^  ^^ 
(as  ^er^r^Sa^v^n^  *i*  -  *•  ™>  win  *  in  ™, 
figures,  about  30  million  gallons  a  day,  year  in  and  year  out  A        ,     (     }   and  Arroyo 

By  successively  constructing  ^^^^  (or  rnori,  if  rehire/), 

r^Lr:::rS  * — ■*■*  ** — — - additionai 

^MSS^  —  Wf  can  ,e  doneecononiicany 

and  sip  by  s"p  as  dte  demand  for  water  in  San  Francisco  and  around  the  shores  of  San  Franasco  Bay 
^1^)  «  to  easily  be  brought  up  to  furnish  a  total  supply  of  7S  minion  gallons  per  day,  year  n  and 
Z out  o f  water  filtered  through  the  company's  extensive  natural  gravel  filter  beds  in  the  Suno  Valley 
7  The  present  water  product,  of  an  average  of  15  million  gallons  a  day,  is  conveyed  .westwardly  through 
the  Sunol  aqueduct,  consisting  of  a  series  of  concrete- lined  tunnels  (having  a  carrying  capacity  of  from  70 
to  75  million  gallons  daily),  and  of  stretches  of  heavy  redwood  flumes  from  tunnel  to  tunnel,  of  a  present 
carrying  capacity  of  30  million  gallons  a  day. 

The  Alameda  water  arrives  at  the  concrete  receiving  basin,  near  Niles  (No.  4,  on  Map  1)  at  an  ele- 
vation of  about  180  feet  above  tide,  and  is  from  here  conveyed,  in  a  southwesterly  direction,  through  a 
36-inch  wrought-iron  pipe,  buried  in  the  ground,  passing  the  towns  of  Centerville  and  Newark,  unt.l,  about 
one  mile  west  of  Newark,  the  pipe  reaches  a  strongly  piled  bridge,  on  which  it  is  carried,  for  a  distance  of 
fully  16,000  feet,  to  Dumbarton  Point.  On  this  bridge  it  crosses  the  swamp  lands  on  the  east  side  of  the 
Bay  of  San  Francisco.      (See  profile  of  Alameda  pipe  line,  Map  9.) 

At  a  point  about  7,000  feet  northeasterly  from  Dumbarton  Point,  a  navigable  slough  or  stream,  300 
feet  wide,  is  crossed  by  two  16-inch  and  two  22-inch  ball-joint  submarine  pipes— the  former  being  in  service 
since  18SS  and  the  latter  since  1902. 

The  Bay  of  San  Francisco  is  crossed  by  four  ball-joint  submarine  pipes,  of  the  same  respective  dimen- 
sions and  age  of  service  as  those  at  the  crossing  of  the  slough.  The  Bay  at  this  point,  viz.,  between  Dum- 
barton Point  and  Ravenswood,  is  6,300  feet  in  width,  which  is  traversed  by  the  four  submarine  lines,  the 
two  16-inch  lines  as  well  as  the  two  22-inch  lines,  being  about  twelve  feet  apart  from  centre  to  centre;  while 
the  22-inch  double  line  lies  northwestwardly  from  and  parallel  to  the  16-inch  line  and  about  90  feet  away 
from  the  same  (see  Maps  1  and  10). 

At  the  Ravenswood,  or  westerly  shore  of  San  Francisco  Bay,  the  four  submarine  pipe  lines  again  join 
together  into  one  36-inch  wrought-iron  pipe,  which,  for  a  distance  of  about  2,000  feet,  is  carried  on  a  heavy 
piled  trestle,  through  the  swamp  lands,  on  the  west  side  of  the  bay,  until  (at  4  a,  on  Map  1)  it  enters  terra 
firrna,  being  riveted  together  in  a  trench  about  six  feet  in  depth. 

In  this  manner  the  36-inch  wrought-iron  pipe  runs  along,  partly  under  public  roads  and  partly  through 
private  rights  of  way,  to  the  Receiving  Reservoir  at  the  Belmont  Pumping  Station,  which  reservoir  is  about 
12  feet  above  tide  (see  Map  1).  The  Belmont  Pumping  Plant,  being  in  five  units,  has  a  capacity  of  lift  23 
million  gallons  a  day  to  an  elevation  of  325  feet,  into  a  standpipe  erected  on  a  hill  to  the  southwest  of  the 
pumping  station.  From  this  standpipe  the  Alameda  water,  so  pumped,  again  enters  a  36-inch  wrought-iron 
pipe,  which  carries  it  in  a  northwesterly  direction  (see  Map  i),  through  the  town  of  San  Mateo,  to  its 
junction  with  the  Crystal  Springs  44-inch  pipe.  At  this  point,  near  Burlingame,  the  36-inch  pipe  also  joins 
the  new  54-inch  pipe,  which  carries  the  Alameda  water  to  Millbrae  Pumping  Station.  It  is  proposed  to 
eventually  continue  this  54-inch  wrought-iron  pipe  northwestwardly  from  Millbrae  to  San  Francisco  and 
southeasterly  from  Burlingame  to  the  Belmont  Pumping  Station.  This  latter  station  would  then,  in  turn, 
be  connected  with  the  submarine  pipes  and  the  proposed  sub-bay  tunnel  at  Ravenswood  either  by  a  54-inch 
pipe  or  other  large  conduit.  This  will  be  necessitated  when  one  or  more  of  the  proposed  Alameda  System 
reservoirs  are  constructed,  which  will  also  require  the  enlarging  of  the  conduit  line  to  the  Bay  of  San  Fran- 
cisco, its  submarine  pipes  or  the  construction  of  the  proposed  sub-bay  tunnel. 

The  Spring  Valley  Water  Company  also  owns  considerable  land  or  water  rights  in  three  of  the  penin- 
sular streams  located  south  of  its  present  above-described  reservoir  and  watershed  properties.  On  one  of 
these  properties  (the  San  Francisquito  Creek)  a  portion  of  the  proposed  dam  has  been  already  constructed 


to  fulfill  certain  contract  obligations  entered  into  in  order  to  acquire  and  hold  important  water  rights  The 
two  other  streams,  viz.:  The  San  Gregorio  and  the  Pescadero,  can  eventually  be  brought,  by  8«V^ 
into  and  become  feeders  of  the  Crystal  Springs  Reservoir.  This  will  probably  be  done  by  sending  thejo mt 
waters  of  the  Pescadero  and  San  Gregorio  Creeks,  by  means  of  a  tunnel  into  he  P°rto^^°^*^ 
is  to  be  raised  to  3,000  million  gallons  capacity.  (See  Map  1.)  From  here  the  waters  could  be  conveyed 
into  the  Crystal  Springs  Reservoir.  The  conduit,  consisting  of  large  redwood  flume,  iron  P>P e  and 
crete-lined  tunnel,  would,  in  its  northwesterly  course,  pass  within  about  two  miles  of  Redwood^ City 

It  would  enter  Crystal  Springs  Reservoir  through  a  concrete-hned  tunnel,  located almos  on  a  straight 
line  between  Redwood  City  and  the  southeasterly  end  of  the  Crystal  Spnngs  Reserve  :  (s  e  Map  1). 
(Through  the  same  tunnel  the  enlarged  Belmont  pumping  plant  will  also  d.scharge,  n  »  *£^££ 
the  enlarged  Alameda  supply,  which  is  to  be  stored  in  the  Crystal  Spnngs  Reservoir,  on  the  San 

^Thtabove-mentioned  additional  peninsular  streams,  if  properly  developed  and  «-**J  ££ 
Springs  Reservoir,  can  easily  be  counted  upon  to  furnish  an  average  daily  supply  of  from  twenty  7 

five  million  gallons.  .       f  L  .     Merced   in  San  Francisco  County)  yield  an 

The  present  three  peninsular  reservoirs  (outside  ot  Lake  Meiceu,  m 

average  supply,  over  and  above  evaporation,  of  ^^^^^S'snA  watersheds,  the  total  daily 

Adding  hereto  the  supply  that  can  be  developed  on  the  adjacent  streams ;  at  a 
average  supply  of  the  present  and  adjacent  sources  on  the  peninsula  and  in  San  Mateo  Lou  ty 
fully  40  million  gallons  a  day.  ,wp1nnerl  hi  the  company's  Alameda  sys- 

prior  to  the  earthquake.  w         Company  owns  in  the  same 

Francisco  County.     It  has  an  area  of  about  400  ^re*  ™?  *  *a    y  g    ^  g 

S"'  Tb.  S,**  V„,W  W.,„  C,..>  »™  *»>  »  «/..  «-  —  °'  «■  — '  -*  ™  """ 

lakes  are  located. 

The  San  Francisco  Distributing  Reservoir  and  Pipe  System. 

The  prob,em  of  water  distribution  in  San  Franc^o  is  and  alw.s  .11  *£%£?£  £*£ 
the  Very  uneven  and  broken  topography  o  the  ^^^  easterly  portion  of  the  city  (most  of 
^pS~^SrW^",£.tMe,   to  tne  hilly  northerly,  northwesterly,  westerly, 
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southerly  and  southeasterly  portions  of  the  city — some  ridges  running  up  to  three  hundred  feet  and  over, 
while  isolated  hills  and  slopes  that  have  to  be  supplied  with  water  reach  elevations  of  over  500  feet.  (See 
Map  4.) 

For  the  highest  region,  in  the  southwesterly  portion  of  the  city,  we  have  a  reservoir  at  an  elevation  of 
600  feet  above  tide,  into  which  the  water  is  being  pumped. 

As  it  would  take  too  long  to  describe  the  city  distributing  reservoir  and  pipe  system  in  detail  and  the 
very  circuitous  routes  that  the  pipes  have  to  take  to  reach  and  supply  the  many  isolated  hills  and,  by  virtue 
of  the  topography,  peculiarly  located  and  formed  supply  regions,  requiring  five  separate  and  distinct  reservoir 
levels,  varying  in  elevation  from  135  to  600  feet  above  city  base,  I  refer,  for  further  information,  to  Map 

5a- 

In  San  Francisco  City  and  County  we  have  three  pumping  plants  in  operation : 
The  Lake  Merced  Pumping  Plant,  in  two  units   (as  briefly  described   above),    lifting  seven   million 

gallons  daily,  either  from  Lake  Merced  or  from  the  San  Andres  conduit  line,  to  the  aerator  on  the 

Pilarcitos  pipe  line,  from  where  Lake  Honda  Reservoir  and  the  Western  Addition  of  San  Francisco 

is  supplied  (L.  H.  on  Map  5a)  :    . 
The  Black  Point  Pumping  Station,  in  two  units    (see  Map  50),  capable  of  lifting  six  million  gallons 

daily  to  the  Pacific  and  Presidio  Heights  districts  (P.  H.  and  P.  H.  1,  Map  50)  ; 
The  Clarendon  Heights  Pumping  Station,  in  two  units,  capable  of  lifting  three  million  gallons  a  day 

from  the  College  Hill  district  or  from  the  University  Mound  district  (C.  H.  or  U.  M.  on  Map  5a) 

to  and  into  the  Clarendon  Heights  tank  and  its  district  (CI.-H.  on  Map  5a),  at  an  elevation  of  600 

feet. 

We  have  constructed  (since  the  earthquake)  an  emergency  pumping  plant  of  a  daily  capacity  of  four 
million  gallons  (m  three  units),  at  the  corner  of  Twenty-sixth  and  Harrison  streets,  in  the  southerly  portion 
of  San  Francisco,  to  which  plant  we  may  add,  if  necessary,  another  unit  of  three  million  gallons  a  day  (U 
M.  district  Map  5«.)  This  emergency  plant  has  been  erected  to  temporarily  take  the  place  of  the  PUarc  tos 
pipe  line  (des  royed  by  the  earthquake).  It  will  lift  water  from  the  University  Mound  (U 
or  College  Hill  district  (C.  H.  on  Map  5a)  to  and  into  the  Lake  Honda  district  (L  H  ' 
through  a  special  heavy  16-inch  cast-iron  force  pipe,  one  mile  in  length 
sixth  street  to  and  into  the  Lake  Honda  (L.  H.)  district. 

This  emergency  pumping  plant  will,  in  due  time,  be  replaced  by  a  high  duty  ph 
gallons  (in  three  units)  daily  capacity,  which  can  be  added  to   as  required 

J  n,  <    u  Distributing  Reservoirs,  with  their  approximate  elevations'  and  capacities, 


(1) 
(3)- 


M.,  Map  5a) 
on   Map   5a), 
laid  for  this  purpose  along  Twenty- 

lant  of  twelve  million 


are  as  tollows 


in  round  figures, 


Indicated  on 
Map  sA. 


Name. 


U.  M. 

1. 

U.M. 

2. 

C.H. 

V 

L.H. 

4- 

L.  H. 

6. 

L.  H. 

S- 

P.H. 

7- 

P.  H.  1. 

8. 

CI.  H. 

Cl- 

I. S.  R. 

io. 

University  Mound   

Collegf  Hill"6'  ReSerV°ir  (Subsidiaryto  diversity  Mound') 

Lake  Honda    

Potrero  Heights  Reservoir  (Subsidiary  to  Lake  Honda) 

Lombard  Street  Reservoir  (Subsidiary  to  Lake  Honda    "  ' 

Presidio  Heights'  Tank 

Clay  Street  Tank ' '        

Clarendon  Heights'  Tank 

City  Reservoir  in  contemplation :  

Industrial   School   Reservoir.. 


Elevation, 

Feet. 


165 

*35 
255 
365 
3i5 
305 
400 

375 
600 

310 


Capacity, 
Gallons. 


37,000,000 

3,000,000 

14,000,000 

33,000,000 

S00,000 

2,500,000 

700,000 

250,000 

500,000 

400,000,000 


The  City  Pipe  Distributing  System:. 
The  City  Pipe  Distributing  System  is  so  arranged  that  the  larger  arterial  pipes  traverse  the  various 
pressure  or  supply  districts  longitudinally.     On  Map  Sa  I  have  only  marked  them  from .the    resp 
re  e  v    rs    o  to  entrance  into  the  respective  districts,  as  this  small  photograph*  «P™«  of  the  sup 
p!  7isticts  would  have  been  too  confusing,  if  ah  these  lines  ^£*p^JfflH£eebl  of  San 

The  following  list  of  pipe  in  our  city  distributing  system  gives  the  p  pes  laid  m  the 
Francisco,  beginning  at  the  outlet  gate  of  each  respective  d'f  "^f^7^^    /  Avoirs,  nor  from 
pipes  in  San  Francisco  County  (shown  on  Map  5<*)  leading  the  watei  from  the  count.y 
Lake  Merced,  into  the  respective  city  reservoirs  Francisco  Distributing  Pipe  System 

In  the  following  list  of  pipes,  which  were  in  ^^™*£*%^£Z^V  -ches,  act  as  con- 
on  January  1,  1906,  the  riveted  wrought-iron  pipes,  rem  44  > nch  »  diamete  down  c  3  by 
ductors  of  water  to  and  through  the  various  supply  districts .v* ^t hough  «ted  be  d, 
means  of  gates  with  cast-iron  laterals,  they  (the  wrought-non   pipe  lines) 

neither  for  house  supply  nor  fire  hydrant  purposes.  connections  have  been 

Of  the  cast-iron  pipe  in  the  City  °^«  ^m    no   ^^£  main  arteries),  while 

allowed  to  be  placed  directly  on  the  30-mch  and  24-mchp. P^^T    ■»       P         house  comlections  have 

on  the  22-inch  and  20-inch  cast-iron  pipes    which  a „    also  mam    rtenes)  ^  ^  ^ 

eter  downward.  hvdrants  have  been  connected  to  pipes  smaller  than 

During  about  the  last  decade,  none,  if  any,  new  ^  grants  ^  g  .^  haw 

8  inches  in  diameter;  and  those  that  were  still  conne «  pes  rf 1  ^  ^^ 

been,  whenever  requested  by  the  Fire  Department  _ u t  off  f rom  the  s,n e  ^  ^  ^  was  ^ 

placed  on  larger  new  pipes;  or,  *™*^«J^  ™  ^  there"     During  the  past  two  decades 
ally  for  J^.^^fi^.nd  replaced  by  the  company  by  pipes  of  larger 

SS  £.*S£S  ^""JSS£  ^—7,  San  ^ .  — *  - 

&and  4  inch  pipes  will  gradually  be  repla ced  1 ^  ^VonTregion  and,  especially,  under  the  wharves,  we  still 
In  many  of  the  small  alleys  and  in   he  water    > nt    eg  ,  conve„ient  and  ample  sizes  for 

retain  and  shall  probably  in  ^\^^?jt^s  "the  wharves  and  in  the  harbor  with 
supplying  the  domestic  requirements  in  these  auey 

nr^u^  ** systo  consisted  of  the  followins  sizes  and  lensths: 

A.— Wrought*™  Pipes.  ^^  rf  ^ 

,  n.  in  Feet. 

Internal  Diameter, 

in  Inches.  7'213 

44 12,254 

37^    - ..■.'/.''.'. 2^l° 

0-7       12,669 

■J*3  '   '  .-, 

25,48l 

85O 


30 

22 


-rS^sr=.sr^.r£-;r=^ 


duit  lines  in  the  country,  are 
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equal  to  the  best  boiler  work  in  the  country,  and  they  have  all  been  thoroughly  immersed  and  boiled  in, 
and  thus  coated,  in  and  outside,  with  the  best,  most  lasting  and  heavy  asphaltum  coating,  with  which  proc- 
ess we  have  had  many  years  of  successful  experience. 

B. — Cast-iron  Pipe. 

Internal  Diameter,  Length  of  Pipe, 

in  Inches.  in  Feet. 

30  4,494 

24  46,363 

22  19-183 

20 21,840 

16   126,153 

12   265,037 

10  8,489 

*  701,453 

6  570,977 

4  376,114 

3  I30.7SS 

The  metal  of  which  these  pipes  are  made  is  the  best  and  toughest  cast-iron  obtainable  from  American 
pipe  foundries.  For  years  past  these  pipes  are  specially  made  for  us  under  our  own  specifications  and  under 
the  eyes  of  our  own  experts,  who  are  our  regular  employees  and  who  have  been  thoroughly  trained  for 
many  years  for  this  very  purpose. 

deepJbelIStharnqUire  "  *T"  ***""■  "K™**  ™  "*  ^  *  "*  ^  a"d  a  hea™r  and  considerably 
deepe    bell  than  „  generally  customary  m  American  city  water  works.      (See  the  annexed  diagram  on  Map 

Sb  winch  forms  a  part  of  our  specifications.)     This  increase  in  dimensions  proved  itself,  durfng The  earth 

quake   a  very  w.se  prov.s.on,  as,  in  spite  of  the  terrific  twisting  and  wrenching  that  the  city  prpe  sys ton 

T^mileo'         ^  tHe  ^f S  "  Ule  main  PipC3  (considering  our  great  le°ngth  of  distr  but  ng    y  stem 

naturally,  a  number  of  breaks  in  th/.L?  t01wa,rd<  llke  !<%  '«  a  shaken  bowl,   there  were  also, 

ground  in  which  the  pip had to e   a id     ?&    7  "  T  ^  "*  "**'  Uad^  ™ti°"  °i 

Furthermore,  we  had  a  number  of  teaks   n  to  '  ph°toSraP>"  <*  sunken  and  twisted  streets.) 

loosely  and  poorly  filled  depressions  mam  P'PeS  '"  SUCh  Streets  that  ™*  constructed  over 

by  ^^zcsji^^zr  rvhey  were  unavoidab,y  to"  UP  a"d 

crossing  swamps  and  fills  were\    ke"  hav 7W  t  ooT  hTt   "^  ^  (Where  *»  ""*  pip6S'  Wh^ 
a  most  remarkable  degree.  w.thstood  the  terrific  strain  to  which  they  were  submitted  in 

This  splendid  result  is  largely  due  to  the  fart  f-W 
partment  of  our  company,  more  than  for  y  year  ago  17^'^  *"**  °f  the  ^^ering  De- 
best  of  materials  obtainable,  coupled  with  the  ve  v  Te'J  ,  eStaW'shed  the  ^  rule  that  only  the  very 
should  be  employed  in  the  ^sLt^tonrZZkslT  m°St  apP™Pria*  design  and  worLnanship, 
honored  me  by  placing  the  entire  responsibility  tort;  nh  '', "  *  ^  °f  Dh'eCt°rS  °f  our  company 
.  In  order  to  recog„i2e  and  reject  in  r to  or ^doubtf  J  T*  °'  °Ur  W°rks  °°  ^  shoulders, 
nals  as  would  pass  my  individual  rigid  r  qu.rementHn  t"  "'  ?"  '""***  "^  Md  ««*'  «"*  mate- 
cast  or  wrought  iron,  etc.,  or  to  stLu^^  Z^IT*' 1  ^  ***«  *  ***  <»»*  "><*■ 
pumps,  etc.,  etc.,  it  was  absolutely  necessary  to  Jr  ,d         s'   dams.  tunnels,   reservoirs,   pipes    boilers 

skill,  whom  I  could  graduaHy  disdpHne S^T n^f^r  ,7"  °f  ^  d»™^  «^S 
experts,  ass.stants,  foremen,  mechanics  and  workmen  y      "^  thorouS%  Poetical  and  efficient 

In  selecting  the  men  to  fill  either  or  all  nf  «,..  ■  • 

men  as  the  first  and  foremost  requirement.     It    th'aT  came  en""  "T"  M  *»  S°°d  Cha™*«  °*  *e 

Thus  I  soon  found  out  for  what  specialty  a  -^^3.^ S^  f  f  „ 

'  meiea«er,  he  fully  came  up  to 


■5 
my  expectations,  he  was  regularly  employed  at  fair  pay   and,    when   his   qualifications   permitted   and  the 
opportunity  offered  itself,  he  was  advanced  in  position  and  salary.  ,„;„;„„. 

Having  steadily  followed  this  method,  for  fully  four  decades,  of  carefully  selectmg,  thoroughly  tranmg 
and  properly  treating  our  employees  in  the  Engineering,  Construction  and  Maintenance  Departments  I  can 
say,  from  the  bottom  of  my  heart,  that  the  splendid  physical  cond.t.on  of  our  very  extensive  work s  ev» 
after  the  earthquake  (which  works  show  an  endless  variety  of  constructor*  best  adapted  to  the  climatic, 
phy  ical  and  local  circumstances),  is  largely  due  to  the  faithful  work  of  every  man  thai :  has ^  ™ 
construct  and  maintain  our  works,  and  which  men,  since  the  trymg  ordeals  of  earthquake  and  fire,  have 
done  almost  superhuman  work  to,  in  a  very  short  space  of  time,  rehabilitate  our  water  supply. 
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II. 


SHORT    HISTORICAL    REVIEW  OF   THE  WATER    SUPPLY   OF   SAN   FRANCISCO 
FROM  THE  EARLY  SIXTIES   UNTIL  THE  EARTHQUAKE   OF 
APRIL    18TH,    1906. 

Up  to  the  latter  part  of  the  fifties,  of  the  past  century,  San  Francisco  received  its  domestic  supply 
largely  from  watering  carts  and  from  wells  and  springs.  The  supply  for  the  hand  fire  engines  was  drawn 
either  from  the  bay  or  from  large  cisterns,  built  at  a  number  of  street  crossings,  and  which  were  kept  filled 
for  the  use  of  the  volunteer  fire  department. 

The  city,  during  the  fifties,  having  gone  through  several  serious  conflagrations,  which  proved  the  in- 
efficiency of  this  fire  protection  for  the  rapidly  growing  city,  of  mostly  wooden  houses,  and,  as  at  that  time, 
the  city's  finances,  or  credit,  did  not  permit  the  construction  of  municipal  water  works,  nor  were  the  au- 
thorities willing  to  embark  in  such  enterprise,  a  law  was  framed,  thereafter  called  th'e  law  of  1858,  designed 
to  encourage  private  enterprise  to  embark  in  the  business  of  supplying  cities  and  towns  in  California  with 
water. 

Labor  was  scarce  and  dear;  materials  were  high,  as  everything  in  the  shape  of  metal,  cement,  etc.,  had 
to  come  around  the  Horn ;  money  also  commanded  a  high  rate  of  interest. 

The  above  law,  while  intended  to  get  efficient  results  as  regards  domestic  supply  and  fire  protection  at 
the  same  time  proposed  to  protect  the  capital  invested  in  such  private  enterprise,  as,  without  the  guarantee 
of  either  fair  treatment  on  the  part  of  the  authorities  or  of  a  fair  rate  of  interest  on  the  money  to  be  in- 
vested (most  people  then  believing  that  as  soon  as  the  mines  should  give  out  the  future  growth  of  the  City 
of  San  Francisco  would  be,  to  say  the  least,  problematical),  no  capital  could  have  been  found  to  embark  in 
tne  enterprise. 

shouldl'elwT!  u  regUlating  thC  PriCe  3t  WhlCh  W3ter  mi^ht  be  sold<  the  law  Prided  that  such  rates 
t^^^J^^—  ^  ^  tW°  °f  WWCh  ™  *  ta  ™*d  *  <*  **  -  -o  by 
^  In  case  that  the  four  could  not  agree,  they  should  select  a  fifth  commissioner,  if  they  could  agree  on 

If  not,  then  the  Sheriff  was  to  appoint  the  fifth  commissioner. 

BeLTrprote7furth°e  "^  reaS°"ab\Wat-  "*.  «"  °"  W  or  until  new  rates  were  adopted. 

I8S8  and  aeron  u„d  he  T  ^/r°Un^^h0W  "*  ^  rates  Were  re*>,ated  «*>«  ^  '™  °* 
ary  1st  :88o  I  wffl  o"  „      I    T         ^  ?nStltut'°".  which  supplanted  it,  when  it  went  into  effect  on  Janu- 

*^l£%^£ZX£gi**™*  —  ^^  -  successively  developed  Lm 
nishinlr0^ed  w"16  kW  °f  l858'  a  COmpa"y  WaS  or?a"i«d  and  brought  the  water  of  Lobos  Creek  «ur- 

^SK^iSsfiSiSL'Sa  12 with  a — — -  M- 

StJtZZzZ^Z^'Z*  f^Y™  !?»  °f  'leaVy  d°UWe  f°rCC  «**  ^  P«*7  "*>  the  Francisco 
Street  Re™       a      o  fjT"]'  "    ^  ""I    FranciSC°   St™tS-    and   Pa^   into   the  Lombard 

extensive  Zl  of  Plls  dL  ibute'dth        ^.^^^  Str^     From  these  two  reservoirs  an 
easterly  and  southe  s ^   an soutt !, ^T *?.  °f  V*08  ?"*•  Under  a  fair  P^sure  and  in  a  general 
^^««mri^SSl^Jf^i^T•    <  ^  thV0Ueh  What  WaS  then  San  Francisco-the 
In  rSSo,  accorSto  the  Unted  site  I      v  ^  "^  "*  ^  SU^d  the  hiSh-  *»*»* 

appearances,  it  wou  fconttue  t^lw  ^7'  ^j*"**"  had  a  P°P«'a«°n  °f  78,000fand,  from  all 
addition  to  ihe  mining  Terests  *  Y'  "      '  ^nCU,turaI  int^sts  were  being  developed  in 

**!%££?££££%  :hf4Tnsa,bw:fe,jry  and  fninterpreted  b^ the  w-  C~ 

from  Lobos  Creek,  a  new  watefcompany  u  d ^ the  n  me  oTth?'"^  V  t0  ^  mi"i0n  ^0nS  a  d^ 

-unrated,  about  that  time,  by  local  ciLns  and ^vithToca"  ca    tal  °  VALLEY  WATER  W°RKS'"  ™ 

Th.s  company,  having  full  faith  in  the  city's  future  Pro wth  '  and  h»; 
—g  cty  would,  in  the  near  future,  need  a  Lsideranle^hLt  £%£%£  ££  ^ 
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siderable  tract  of  land,  with  the  water  rights  appertaining  thereto,  in  the  secluded  mountain  forests  of  San 
Mateo  County.  By  constructing  the  upper  Pilarcitos  dam  or  reservoir  and,  from  there,  conducting  the 
water  of  Pilarcitos  Creek  and  tributaries  and  also  that  of  the  upper  San  Mateo  Creek  through  a  tunnel, 
Hume  and  pipe  line  of  a  total  length  of  thirty-two  miles,  the  new  company  was  able  to  deliver  its  water, 
during  the  fiscal  years  of  1862-3,  int°  its  partly  finished  Lake  Honda  Reservoir  and  its  completed  Market 
Street  Reservoir,  since  destroyed  by  cutting  through  of  Market  Street— the  former  being  located  near  the 
present  Almshouse,  at  365  feet  elevation,  and  the  latter  near  Market  Street,  at  its  intersection  with  Bu- 
chanan Street,  at  200  feet  elevation.  From  these  two  reservoirs  a  network  of  cast-iron  pipes  distributed 
the  Pilarcitos  water  supply  through  the  North  Mission,  Hayes  Valley,  part  of  the  Western  Addition  and  the 
main  business  portion  of  the  city. 

Finding  it  to  their  mutual  interests  to  join  the  two  supplies  together,  so  that  not  only  one  could  sup- 
plement and  assist  the  other,  but  also  that  the  operating  of  both  companies  under  one  head  would  largely 
simplify  and  cheapen  the  management,  on  the  first  of  the  year  1865  the  two  water  companies  became  one 
under  the  name  of  the  "  Spring  Valley  Water  Works."  ■  ■     ,  c     ■ 

On  October  8th,  1864,  I  had  been  appointed  as  engineer  of  that  part  of  the  works  of  the  original  Spring 
Valley  Water  Works  which  related  to  the  head  waters  in  San  Mateo  County  and  the  conduit  hues  con- 
structed and  to  be  constructed  into  San  Francisco.     (See  Map  1.) 

In  the  fall  of  1864  the  foundation  of  the  large  Pilarcitos  main  dam  was  started  and,  early  in  1*05,  the 
second  long  tunnel  on  the  proposed  new  Pilarcitos  conduit  line. 

In  May,  1866,  I  was  appointed  Chief  Engineer  of  the  entire  Spring  Valley  Water  Works,  with  head- 
quarters in  San  Francisco,  and  have  continued  in  this  position  from  that  date  up  to  the  present.  During 
his  long,  continuous  period  of  over  four  decades,  I  have  designed  and  constructed  all  the  woiks  cessa  y 
to  gradually  bring  the  works  up  to  their  present  capacity  of  about  3S  million  gallons  a  day.  I  have  also 
advised  and"  insisted  upon  the  timely  acquisition  of  the  large,  then  available  but  now  ?™^^ 
watersheds,  reservoir  sites,  water  rights  and  rights  of  way  in  and  from  the  mountains  and  valleys  sur 

the  two  dams.      (See  Map  No.  6.)  rwh.1  Snrines  Reservoir  and,  a  few  years 

into  College  Hill  Reservoir.  <;„_:««  nine  line  from  the  upper  Crystal 

In  x8BS  we  constructed  the  44-nch  wrought-iron  Crystal  W  p  pe  1 
Springs  Reservoir  to  the  new  University  Mound  E«von^.o  the  aty  J™d  Jtheretofore. 
from  this  important  source  into  San  Francis  co  *P<f>*£  >" £ J« "lob  Crystal  Springs  pipe, 

In  1888  we  completed  the  original  Alameda  Creek  works  as  far  as         44 
near  Burlingame,  with  double  16-inch  sub  ma  rine  p.  P«  "T^J yp]ant]  ttas  adding  to  our  works  the 

developed.  .  .         -      .  .  Sorin£rs  main  dam  and,  by  working  on  the  same 

In  1887  we  laid  the  foundation  of  the  concrete  Crys  a   Sp™^  ™  .     base(  which  is  2go  feet 

nected  (as  originally  contemplated)  with  the  lower  mam  dam. 


In  l897  the  Pilarcitos  pumps  were  constructed^ ^^^JXC^^^^ 

Springs  water  into  the  ^"S^ZZsZ  Suno.  aqueduct,  on  the  Alameda  Creek  system,  .argely 
In  1900  we  COmfCtf  "i;oS~1^a^eddSa 7orks  and  also,  by  nitration,  improving  the  quality  of  the 
increasing  the  capacity  of  the  01^™™?j%om  our  ext  ns[ve  artesian  lands  in  Livermore  Valley. 

a2ta^K  original  lines  are  z6ind.es  in  diameter.     Thus   we  considerably    again    increased   the 

and,It  thlsame  111,  'laying' the  54-inch  Alameda  pipe  line  from  the  Burlingame  junction  of  the  Crystal 
Sorines  and  Alameda  pipe  line  to  the  Millbrae  Pumping  Station. 

P    At  the  latter  place  vve  had  also,  since  1898,  established  a  large  central  and  effective  emergency  camp, 
for  the  purpose  of  rapidly  repairing  any  part  of  the  main  works,  should  it  become  necessary. 

ThL  camp  stood  us  in  good  stead  immediately  after  the  earthquake,  as  without  the  great  variety  of 
almost  every  kind  of  repair  fittings  kept  on  hand  there  much  more  time  would  have  elapsed  m  repainngthe 
damage  done  by  the  earthquake  to  the  San  Andres  and  Crystal  Springs  mam  pipe  lines. 

During  the  period  of  forty  years,  from  1865  to  1905,  the  population  and  consumption  of  water  in  San 
Francisco  gradually  and  steadily  grew  and,  naturally,  required  an  enormous  extension  of  the  city  distrib- 
uting reservoir  and  pipe  system.  Cable  roads  were  constructed,  rapidly  populating  the  hilly  parts  of  the 
city.     Water  was  required  and  demanded  everywhere,  and  at  elevations  varying  from  the  sea  level  up  to 

over  500  feet  above  tide. 

The  electric  roads  came,  and  spread  and  scattered  the  city  rapidly  over  a  very  large  area,  and  we  kept 

on  extending  our  reservoir,  pumps  and  pipe  system. 

At  the  urgent  request  of,  and  promise  of  fair  treatment  by  the  city  authorities,  we  not  only  rapidly 
extended  our  distributing  system,  but  also  largely  increased  the  sizes  of  our  main  pipes,  so  that,  by  the  end 
of  the  year  1905,  we  had  the  above  detailed  list  of  (pages  13  and  14)  distributing  pipes,  of  a  total  length 
of  44.1^/2  miles,  laid  and  in  operation  in  the  City  of  San  Francisco. 

The  following  table  shows  the  population  of  San  Francisco,  in  round  figures,  taken,  for  the  even  years, 
from  the  United  States  Census  and,  for  the  intermediate  years,  arrived  at  by  a  careful  estimate  made  by  the 
writer ;  and  the  daily  consumption  of  water,  during  this  period  of  four  decades,  taken  from  five  to  five 


years : 


United  States  Daily  Consumption  of 

Year  Census.  Estimate.  Water  in  Gallons. 


1865 

1870 150,000 

1875 

18S0 234,000 

1885 

189O 300,000 

1895 

1900 343-000 

1905 


110,000 

2,360,000 

6,040,000 

190,000 

11,680,000 

12,670,000 

265,000 

17,050,000 

20,430,000 

330,000 

19,900,000 

355,ooo 

25,470,000 

455.ooo 

34,900,000 

Spring  Valley  Water  Company's  Preparations  for  Increasing  Its  Supplies  in  the  Future. 

During  the  last  decade  railroad  facilities  to  this  coast  and  city  have  materially  increased,  and  the  cli- 
matic, agricultural  and  commercial  advantages  of  our  State  and  city  have  become  much  better  known  and 
appreciated  in  America,  as  well  as  in  Europe.  The  population  of  San  Francisco,  as  well  as  the  water  con- 
sumption, especially  during  the  last  five  years,  began  to  increase  much  more  rapidly  than  heretofore,  as  is 
shown  on  the  above  table. 
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Taking  this  increase  during  these  past  five  years  as  a  basis,  in  «-"^^^t^£ 
it  about  I  made,  in  the  year  1904,  the  following  approximate  estimate  of  the  probable     crease ,  1  VI 

att  and  the  minimum"  water  suPply  that  would  have  to  be  provided  for  such  mcrea .       See  my 
mony  in  the  United  States  Circuit  Court  during  the  latter  part  of  i^mUhe^rlyjaaof^S^^ 

'  Estimated  Estimated  Minimum  Supply 

Year  Population.  (in Round  Figures). 

~~  ~  500000  "  40  million  gallons  per  day. 

HZ 650,000  (fully)  55  million  gallons  per  day. 

1920 8oo  000  72  million  gallons  per  day. 

1930 qco',000  (fully)  90  million  gallons  per  day. 

1940 ;;*;;;          Joo.ooo  no  million  gallons  per  day. 

225  ™;  TS.TSAS:  •  * — L — » - — "*'"  * "~ 3S 

million  gallons  daily.  increase  in  the  conduit  and  pumping  capacity  of 

This  proposed  work,  which  would  als ^include  ™  nd  an  extension  to  San  Francisco,  could 

the  Alameda  pipe  line  and  Belmont  Pumping  Works,  .espectivey, 
e  accomplishePdPwithin  a  period  of  from  three  to  ^ve  year  ^  per  ,      b 

table^^^ 

^^AI^^^-^SS^  or  Arroyo  Valle  Avoirs   or 
L^-mSwSX^™---  ,  the  storage  capacity  and  about  30  million 

gallons  to  the  daily  supply.  and  connect  with  Crystal  Springs  Reserve,!, :  the 
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i86s  and  had  strongly  urged  ever  since.  Our  company  then  considered  the  acquisition  of  the  Alameda 
Creek  water  proporties,  including  the  Calaveras  Reservoir  site,  as  premature  and  did  not  buy  them.  In 
the  early  part  of  the  seventies  the  Oakland  and  Alameda  Water  Company  purchased  sufficient  properties 
there  to  control  the  key  to  the  situation. 

The  city  authorities  finally  took  hold  of  the  matter  and  a  water  committee  was  appointed,  consisting 
of  the  Mayor,  City  Attorney  and  Auditor,  who  engaged  an  Eastern  hydraulic  engineer,  Mr.  Scowden,  as 
expert,  to  report  on  the  water  question  and  to  advise  the  most  feasible  and  appropriate  supply  for  San  Fran- 
cisco. 

After  looking  into  the  various  schemes  proposed  he  strongly  advised  the  purchase  and  development 
of  the  Alameda  Creek  properties  as  the  cheapest,  safest  and  simplest  solution  of  the  water  question. 

Finding  that  my  high  opinion  of  the  Alameda  Creek  System,  that  I  had  expressed  to  our  Directors  in 
a  number  of  reports  during  the  past  ten  years,  was  fully  shared  by  the  city's  expert,  Mr.  Scowden,  the 
Spring  Valley  Water  Works  concluded  to  purchase  the  properties  from  the  Oakland  and  Alameda  Water 
Company. 

By  this  acquisition,  they,  in  1875,  became  the  owners  of  the  nucleus  of  their  present  magnificent  and 
unique  Alameda  Creek  System,  which  has  ever  since  been  added  to  by  the  purchase  of  watersheds,  reservoir 
sites,  natural  gravel  and  filter  beds,  artesian  lands,  water  rights  and  rights  of  way. 

This  system  alone,  if  fully  developed,  can  furnish  an  abundant  supply  of  naturally  filtered  water  for  a 
population  of  nearly  one  million  inhabitants,  and  its  nucleus  is  located  within  fifty  miles  of  San  Francisco. 

In  1876,  the  city  authorities,  having  again  brought  before  them  by  many  various  promoters  a  number 
of  water  schemes  (although  the  Spring  Valley  Water  Works  had  been  furnishing  right  along  an  abundant 
supply  of  good  water,  and  which  it  was  preparing  to  increase  in  good  faith  and  protected  by  the  law  of  185S, 
fairly  and  equitably  interpreted),  this  time  appointed  a  local  engineer  of  the  Army,  Colonel  Mendell,  to  in- 
vestigate not  only  the  local  but  also  the  various  schemes  proposed. 

He  made  an  exhaustive  report  in  1877,  in  which  he  went  into  the  relative  merits  of  a  number  of  schemes 
proposed. 

No  particular  scheme  was  selected  by  the  authorities;  but,  whether  based  upon  Col.  Mendell's  report 
or  not,  the  Board  of  Water  Commissioners  entered  into  negotiations  with  the  Spring  Valley  Water  Works 
for  the  purchase  of  its  plant,  offering  therefor  the  sum  of  $11,000,000. 

This  offer  was  declined  by  the  Spring  Valley  Water  Works  as  not  being  within  several  million  dollars 
of  what  they  considered  to  be  the  true  value  of  the  works,  particularly  when  considering  the  great  facility 
and  comparatively  light  expense  (when  compared  with  a  distant  mountain  scheme)  with  which  the  daily 
furnishing  capacity  of  its  works  (being  then  fully  sixteen  million  gallons  a  day)  could  be  largely  increased 
whenever  required.  ° 

The  water  agitation  continued  unabated  and  finally  culminated  in  the  insertion  into  the  new  State 
Constitution  of  a  clause,  intended  to  replace  the  new  law  of  !858  in  regard  to  the  regulation  or  fixinc  of 
the  price  of  water,  at  which  private  parties  or  corporations  should  be  compelled  to  sell  their  water  to  cities 
or  towns  and  their  inhabitants. 

This  new  law  entirely  ignored  the  fact  that  many  millions  of  dollars  had  been  expended  in  good  faith 

v  ZZZtlTn^rT  "I  enCOm'aged  ^  "  aUth°ritieS  a"d  *"W  »  ^  fair  1reatme.it. 
^s  law  P       tWen^tW0  y™*>  fai^  interpreted  by  the  umpires  appointed  under 

It  goes  without  saying,  that  if  the  new  Constitution,  with  its  remarkable  water  clause  had  been  the 
fundamental  law  governing  the  price  of  water  in  the  latter  part  of  the  fifties  and  the  e^lv  J  f 

-ties,  it  would  have  been  practically  impossible  to  induce  private  ca^ id I  the     S£?%££ 

i^S^^JS  caom  Za^T  VCntUre  "  a  mUniCipal  Wat-  ^  Wh-  «2£  newt;" 
y     lerpreteci  by  the  city  authonties  and  a  fair  and  reasonable  rate  would  be  established. 


Such  rate  should,  naturally,  be  based  upon  a  fair  valuation  of  the  properties  and  works  of  the  company, 
on  which  value  a  fair  rate  of  interest,  commensurate  with  the  risk  incurred  in  the  business  should  be  al- 
lowed. 

The  water  rates,  or  annual  revenue,  should  also  include  State  and  county  taxes,  operating  expenses  and 
a  fair  and  equitable  allowance  for  deterioration. 

A  constant  agitation  has  been  kept  up  before  the  public,  ever  since  the  adoption  of  the  new  Constitution, 
for  a  municipally  owned  and  managed  water  supply. 

The  public  was  informed,  by  the  promoters  of  many  rival  schemes  and  by  politicians,  that  the  San 
Francisco  water  rates  were  much  higher  than  in  the  East;  but  they  wisely  refrained  from  telling  the  public 
that,  where  in  the  East,  many  of  the  large  cities  had  rivers  or  large  natural  lakes  to  draw  from,  the  climatic 
conditions  on  this  coast,  owing  to  the  absence  of  such  available  large  rivers  and  lakes,  required  the  construc- 
tion of  large  reservoirs  in  which  to  store  the  water  of  the  rainy  or  snow-melting  season,  as  in  the  summer 
and  fall  most  of  the  streams  were  dry,  or  nearly  so. 

They  neither  informed  the  public  that  materials,  such  as  wrought-iron  and  cast-iron,  cement,  etc.,  had 
to  be  imported  here,  either  by  rail  or  ship,  at  an  expense  far  in  excess  of  Eastern  prices,  nor  did  they 
tell  the  people  that  wages  of  mechanics  and  laborers  were  much  higher  on  this  coast  than  in  the  Eastern 
States;  that  the  large  Eastern  cities  are  generally  located  on  very  much  more  level  ground  than  the  very 
hilly  location  of  San  Francisco,  etc.,  etc.,  and  that  for  all  of  these,  and  other  reasons,  the  cost  of  water  de- 
livered into  the  homes  in  San  Francisco  was  and  always  wuttld  be  much  higher  than  in  the  East. 

Another  and  very  prominent  reason  for  low  prices  to  the  water  consumer  in  the  East,  which  was  never 
understood  by  the  San  Francisco  public,  was,  that  in  many  Eastern  cities  it  was  customary,  and  in  some 
it  is  still  in  vogue,  to  have  a  large  part  of  the  cost  of  water,  particularly  that  pertaining  to  interest  on  out- 
standing water  bonds,  paid  out  of  the  general  fund,  while  the  water  taker,  who  was  in  many  or  most  cases  a 
tenant,  paid  but  a  very  small  annual  water  rate  as  such,  while,  unknown  to  himself,  he  paid  the  larger 
portion  of  the  annual  cost  of  the  water  used  in  his  premises  in  the  form  of  rent  to  his  landlord.  The  latter, 
in  turn,  paid  his  taxes,  which  generally  included  the  respective  proportion  of  interest  and  sinking  fund  pay- 
ments made  by  the  city  authorities  on  account  of  the  bpnded  water  debt. 

Our  company  published  the  comparative  facts  between  the  East  and  the  West  in  a  number  of  reports 
and  pamphlets  and  also,  at  many  of  the  meetings  of  the  successive  Boards  of  Supervisors,  all  these  matters 
were  not  only  fully  explained  and  proven,  in  order  to  induce  them  to  treat  this  company  with  the  same 
degree  of  fairness  to  which  they  would  be  compelled  by  law  and  by  holders  of  municipal  water  bonds,  if  it 
was  a  question  of  fixing  water  rates  for  a  municipally-owned  and  managed  water  works  system. 

When  politicians  urged  and  municipal  conventions  insisted  upon  pledges  to  be  made  by  candidates  be- 
fore nomination  for  supervisors,  or,  when  nominated,  candidates  often  pledged  themselves  before  election 
that  they  would  see  that  water  rates  should  be  reduced,  provided  that  they  were  elected —the  position  of  the 
Sprin°-  Valley  Water  Works  gradually  became  almost  untenable. 

Meanwhile  around  San  Francisco  Bay,  while  almost  all  real  estate  (whether  in  city  or  country)  con- 
stantly increased  in  value,  the  water  properties  of  the  Spring  Valley  Water  Works,  although  having  in- 
creased enormously  in  value  during  the  past  two  and  one-half  decades  (being  developed,  unified  and  having 
their  most  difficult  engineering  problems  successfully  solved  and  their  future  capacities  for  large  extension 
proven),  were,  for  water  rate  purposes,  continuously  largely  undervalued. 

At  the  same  time  for  taxing  purposes,  the  value  of  the  company's  properties  and  works  was  constantly 
being  increased  by  the  assessors  of  the  different  counties  in  which  they  were  located,  particularly  of  San 
Francisco  County,  which  is  the  principal  place  of  business  of  the  company. 

As  before  stated  (page  20),  the  City  Water  Commission,  m  1877,  offered  the  company,  for  its  proper- 
ties and  works  on  the  San  Francisco  peninsula  (and  exclusive  of  the  Alameda  Creek  System)  the  sum  of 

$11,000,000.  ,  .         A1  ,       r*        1 

As  the  company  considered  all  of  its  properties  and  works,  inclusive  of  its  Alameda  Creek  properties 
(then  undeveloped),  to  be  worth  fully  $16,000,000,  it  offered  to  sell  all  its  holdings  and  works  for  this 
sum-  but  added  that  if  the  city  were  unwilling  to  include  the  Alameda  properties  in  its  proposed  purchase, 
that'  in  this  case  the  Water  Company  would  retain  the  latter  properties  and  reduce  the  selling  price  to 
$1^00000  as  the  Water  Company  considered  its  holdings  on  the  Alameda  Creek  System  to  be  worth 
the  balance  of  $0  5oo  000.  No  agreement  being  reached  between  the  Water  Commissioners  and  the  com- 
pany the  negotiations  were  discontinued,  and  the  Water  Commission  concluded  to  try  to  acquire  some 
water  properties  in  the  Sierra  Nevada,  which  plan  was  never  carried  to  completion. 
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I  am  satisfied  that,  had  the  negotiations  not  been  so  abruptly  broken  off  by  the  city  at  that  time,  a  com- 
promise figure  between  the  city's  offer  of  $11,000,000  and  the  company's  final  asking  price  for  the  peninsular 
works  of  $13,500,000  could  have  been  arrived  at;  so  that  the  city's  purchase  might  have  been  then  com- 
pleted at  a  figure  of  somewhere  between  $12,000,000  and  $12,500,000. 

If  the  peninsular  works  had  been  bought  at  that  time  for  this  figure,  this  purchase  would  have  given 
the  City  of  San  Francisco  a  great  bargain.  This  has  since  been  proven  by  the  large  increase  in  values  of 
all  real  estate  and,  particularly,  of  water  properties,  such  as  watersheds,  reservoir  sites  and  water  rights, 
located  in  the  almost  immediate  vicinity  of  San  Francisco. 

The  three  San  Mateo  County  reservoirs,  Pilarcitos,  San  Andres  and  Crystal  Springs,  now  have  a  joint 
storage  capacity  of  over  25,000  million  gallons ;  which  total  storage  capacity,  by  extending  and  raising  the 
large  Crystal  Springs  Dam  (as  above  shown)  can  be  more  than  doubled. 

In  1877,  the  population  of  San  Francisco  consisted  of  about  200,000  inhabitants. 

In  order  to  meet  the  constantly  growing  demand  for  water  since  then,  the  Spring  Valley  Water  Works, 
although  the  water  rates  annually  fixed  by  the  Supervisors  were  not  commensurate  with  the  company's 
financial  needs,  kept  on  extending  its  works  and,  in  order  to  provide  for  a  more  rapid  increase  in  the  water 
consumption  in  the  near  future,  continued  to  increase  and  round  off  its  holdings  of  water  properties  up  to 
their  present  extent  of  over  one  hundred  square  miles,  in  fee  simple,  in  the  counties  around  the  bay,  and  of 
large,  valuable  and  necessary  reservoir  and  other  properties  in  San  Francisco,  City  and  County.  From  these 
properties  and  works,  the  Spring  Valley  Water  Company  was  supplying  the  City  of  San  Francisco,  during 
1905,  with  an  average  daily  supply  of  nearly  35,000,000  gallons;  while  the  properties  acquired  since  1877, 
such  as  water  rights,  watersheds,  reservoir  sites  and  rights  of  ,way,  enabled  the  company  not  only  to  meet 
all  of  the  city's  requirements  up  to  date,  but  also,  in  the  future,  to  develop,  on  its  fee  simple  properties, 
enough  water  to  supply  a  population  considerably  in  excess  of  one  million  inhabitants. 

To  construct  and  systematically  develop  its  works  (the  principal  features  of  which  were  enumerated  on 
pages  17  and  18)  as  the  population  increased,  and  to  acquire  the  above  properties  and  rights  for  future 
extensions,  the  Spring  Valley  Water  Works  expended  the  following  sums  of  money,  segregated  by  calendar 
years  (see  page  24  of  Appendix  of  Municipal  Reports  of  1899-1900)  : 

1878 * 

1879 * 

18S0 $62,627  71 

1S81 72, 148  32 

1882 51,687  -95 

l883 1,050,085  94 

l884 932.464  3i 

i885 881,406  25 

1886 652,575  32 

l887 1,257,981  75 

1SS8 2,723,251  30 

l889 388,215  94 

l89° 637,454  18 

l89i 683,196  70 

1892 ■  ■  •  ■  "  235,337  19 

I"93 327,342  32 

l894 367,781  Si 

l895 485,910  28 

l896 432,378  20 

ll97Q 727,957  26 

1898 I.I74.973   13 

1899 708,430  44 

r9°o t1.079.27S  88 

Total  expenditures  for  betterments  and  new  construction 

from  1880  to  1900,  both  inclusive   $14,932,485    rS 

•The  record!  of  such  expenditures,  during  1878  and  1879,  having  been  destroyed  by  the  fire  of  April  18,  1906,  they  are  therefore  not 
here  included. 

f  The  expenditures  for  1900  are  taken  from  Appendix,  page  1 16,  of  Municipal  Reports  of  1900,  1901 . 
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From  the  year  1SS0  and  up  to  the  year  1900,  when  the  new  city  Charter  of  San  Francisco  went  into  effect, 
real  estate  located  around  the  Bay  of  San  Francisco  and  in  the  counties  where  the  Spring  Valley  Water 
Works'  distributing  system,  storage  reservoirs,  watersheds,  conduits  and  water  rights  were  located,  viz. : 
San  Francisco,  San  Mateo,  Alameda  and  Santa  Clara  Counties, — the  values  of  all  kinds  of  real  estate  and 
properties  constantly  increased,  as  is  shown  by  the  total  assessed  valuation  of  real  estate  (exclusive  of 
improvements  and  of  personal  property)  in  these  four  counties: 


Real  Estate  Assessment — In  Round  Figures, 
(exclusive  of  improvements  and  personal  property.) 


County. 


Year. 


San  Francisco 
San  Mateo.  .  . 
Alameda 
Santa  Clara. . 


1880. 


$115,000,000 

4,530,000 

31,380,000 

20,900,000 


1S90. 


;i64,5oo,ooo 

9,750,000 

49,080,000 

35,345,000 


1900. 


$190,380,000 
8,500,000 

47^5  5  >°00 
32,099,000 


Percentage  of 

Increase  in  Two 

Decades,  from 

1880  TO    190O. 


65 

88 
52 
53 


From  this  showing,  it  is  fair  to  presume  that  the  magnificent  holdings,  which  the  Water  Company 
had  acquired  and  owns  in  large  united  bodies  in  the  above  four  counties,  which  counties  surround  the 
southern  half  of  the  Bay  of  San  Francisco,  had  also  participated  in  the  above  general  increase  of  value 
during  the  two  decades,  from  1880  to  1900,  particularly  as  the  very  large  and  unique  reservoir  sites 
(with  adjacent  and  tributary  watersheds),  which  cannot  be  duplicated  at  any  price  within  such  safe  distance 
of  San  Francisco,  lend  a  very  great  additional  value  to  these  properties. 

In  the  following  I  will  assume,  for  argument's  sake,  that  the  City  of  San  Francisco  had  succeeded 
in  purchasing,  in  the  fall  of  1877.  the  peninsular  properties  and  works  of  the  Spring  Valley  Water  Works 
for  the  price  which  the  city  then  offered,  viz.:  A.  $11,000,000.  I  will  further  assume  that  the  city  (instead 
of  the  Spring  Valley  Water  Works)  had  also  purchased  then,  or  prior  to  that  time,  the  magnificent  Ala- 
meda Creek  properties  (also  including  the  larger  portion  of  the  Calaveras  Reservoir  site)  for  the  same 
price  that  the  Spring  Valley  Water  Works  paid  for  the  same  in  1875,  viz. :  B.  $1  000,000 

I  will  furthermore  assume  that  thereafter  the  city  had  proceeded  with  the  same  foresight,  judgment  and 
caution  as  since  displayed  by  the  Spring  Valley  Waterworks,  and  had  purchased  the  same  extensive  and 
SrSK  an had  built  thereon  as  good  works  as  this  company  has  since  constructed.-and 
Toi^lronXy  the  same  expenditures  as  made  by  the  Spring  Valley  Water  Works  since  1880,  shown 
in  the  above  table,  of  $i4)932.435-lS- 

"  (KoTE-InTbis  figure,  the  expenditures  during  .878  and  .879,  not  being  available,  are  not  included.) 

I  will  further  assume  that  the  city  had  taken  as  good  care  of  its  works,  during  these  two  decades,  as 

thC  TKi^tlSS^  of  these  properties,  so  acquired,  were  reckoned  only  at  cost,  making  no 
allowanc     wl  a  eve     for  the  great  increase  in  real  estate  values,  during  these  two  decades,  in  the  abov 
ST^SSi.  above  shown),  nor  for  the  still  greater  increase,  in  these  counties,  in  the  values  of 
properties  specifically  adapted  for  water  works  purposes: 

We  would  then,  at  the  end  of  the  year  1900,  have  the  following  total  .- 

4 $11,000,000  00 

n  1,000,000  00 

C. I4>932>485  18 

Total $26,932,485   18  or,  in  round  figures :  $26,930,000. 

,     ,      •     •   „  of  the  vear  X9oi    the  properties  and  works  of  the  Spring  Valley  Water  Works  were  conservatively  estimated 

(NOTE-At  the  begmmng  o  \^Ylfe 'J  ^^.o  the  above  figure.) 
by  competent  experts  to  be  work  fully  fifty  per  cent,  more 
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In  the  year  1900,  the  new  Charter  of  San  Francisco  went  into  effect,  a  very  prominent  feature  of  which 
was  the  clause  providing  for  the  acquisition  or  construction  of  a  municipal  water  works  system.  The 
city  had  surveys  and  preliminary  estimates  made  for  various  Sierra  Nevada  supplies,  the  cost  figures  of 
which  were  far  below  what  the  actual  cost  of  such  works  would  be. 

The  city  also  had  some  estimates  made  by  its  City  Engineer,  embodying  his  idea  of  the  value  of  the 
properties  and  works  of  the  Spring  Valley  Water  Works  and,  in  his  report  of  February  23d,  1901,  he 
arrived  at  the  amazingly  low  valuation  of  $24,667,800. 

The  Water  Committee  of  the  Board  of  Supervisors  reduced  this  already  low  figure  by  nearly  $2,000,- 
000  more,  leaving  the  estimated  value  of  the  works  and  properties  of  the  Spring  Valley  Water  Works  at 
$22,939,722.  This  process  of  arbitrarily  placing  this  low  valuation  on  the  properties  and  works  of  the 
Spring  Valley  Water  Company,  regardless  of  their  cost  or  value,  the  Water  Committee  of  the  Board  of  Super- 
visors, in  its  report  of  March  4,  1901,  calls  "  Fixing  the  Value." 

The  fact  being  that,  if  they  had  been  fair  enough  to  place  the  real  or  intrinsic  value  on  these  works,  the 
annual  water  rates,  which  they  were  to  establish,  would  have  to  be  raised ;  while,  on  the  other  hand,  by  arbi- 
trarily assuming  the  above  low  value,  on  which  interestwas  to  be  allowed  to  the  company,  they  succeeded  in 
seriously  crippling  the  company's  finances. 

All  of  this  arbitrary,  unfair  and  unjust  action  was  taken  by  the  city  authorities  and  approved  by  the 
Mayor,  in  spite  of  our  company's  solemn  protest. 

In  the  appendix,  hereto  annexed,  will  be  found  extracts  from  my  various  reports  and  protests  sent 
to  the  Supervisors  at  that  time  and  in  subsequent  years. 

During  the  year  1901,  the  Spring  Valley  Water  Works  expended  for  betterments,  such  as  purchases 
of  lands,  water  rights,  rights  of  way  and  new  construction,  the  sum  of  $974,732.67. 
(See  page  787,  Municipal  Reports  of  1901-1902.) 

The  City  Engineer's  valuation  of  the  properties  of  the  Spring  Valley  Water  Works,  in  his  report  of 
January  31st,  1902  (see  page  801,  Municipal  Reports  of  1901-2),  was  $24,468,210. 

In  other  words,  although  the  Spring  Valley  Water  Works  had,  during  1901,  expended  for  betterments, 
as  above  shown,  the  additional  sum  of  $974732.67,  which  sum,  added  to  the  City  Engineer's  valuation  of 
the  previous  year  of  $24,667,800,  would  have  made  a  total  valuation  of  $25,642,532.67  for  1902,  he  places 
the  valuation  of  1902  at  $1,174,322.67  less  than  this  figure;  thus,  not  only  ignoring  the  entire  year's  ex- 
penditure of  $974,732-67,  but  actually  reducing  the  valuation  of  1902  by  nearly  $200,000  belozv  his  valu- 
ation of  1901. 

This  low  valuation,  thus  adopted  by  the  City  Engineer  in  1902,  of  $24,468,210,  again  did  not  suit 
the  city  authorities,  and  they  concluded  to  place. their  valuation  at  $23,914,454.67  (see  page  835,  Municipal 
Reports  of  1901-2),  on  which  valuation  they  "  fixed  "  the  water  rates  for  the  next  fiscal  year. 

During  the  year  1902,  the  Spring  Valley  Water  Works  expended  for  betterments,  such  as  purchases 
of  lands  and  rights  and  for  new  construction,  the  sum  of  $735,594-i6  (see  page  942,  Municipal  Reports  of 
1902-3). 

The  City  Engineer's  valuation  of  the  properties  and  works  of  the  Spring  Valley  Water  Works,  in  his 
report  to  the  Board  of  Supervisors  of  January  30th,  1903,  places  the  value  of  the  same  at  $28,024  iSo  00  (see 
Page  957,  Municipal  Reports  of  1902-3). 

The  Board  of  Supervisors  again  disregarded  the  valuation  of  their  City  Engineer  and  arbitrarily  placed 
their  valuation  at  $24,124,389.00  (see  page  1019,  Municipal  Reports  of  1902-3),  which  is  only  $-09  934  ^ 
more  than  their  valuation  of  1902,  although  the  Water  Company  had  expended  for  betterments  durin-  1002 
the  sum  of  $735,594.16.  ' 

These  rates,  being  placed  so  low  that  the  revenue  derived  under  them  would  be  entirely  inadequate  to 
carry  on  the  busmess  of  supplying  the  city  and  its  inhabitants  with  water,  the  Spring  Valley  Water  Com- 
pany began  stut  against  the  city,  in  the  United  States  Circuit  Court,  enjoining  the  city  from  enforcing  these 
rates,  which  injunction  was  granted. 

The  Water  Company  also  brought  suit  against  the  city,  in  the  same  Court,  to  annul  the  above  water 
rates  and  compel  the  city  to  establish  fair  water  rates,  commensurate  with  the  value  of  the  plant  and  with 
the  cost  of  operation. 

This  suit  is  still  pending. 


During  the  year  1903    the  Spring  Valley  Waterworks  expended  for  betterments,  such  as  purcl 
of  1903-4"'  6tC"  "eW  C°nStr"Cti0n'  *e  sum  of  $7x8,939.48  (see  page  515,  Municipal  Re, 


iases 
Reports 
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The  City  Engineer's  valuation  of  the  properties  and  works  of  the  company,  in  his  report  of  January 
26th,  1904  (see  page  499,  Municipal  Reports  of  1903-4),  was  $24,673,212.00;  or,  although  the  Spring  Valley 
Water  Works  had,  during  the  past  year,  expended  for  betterments  the  sum  of  $718,939.48,  the  City  Engineer 
not  only  entirely  ignores  this  fact  but,  in  addition,  reduces  his  valuation  of  1904  by  $3,35I>I77-°°  below  his 
valuation  of  1903. 

Not  satisfied  with  this  most  remarkable  estimate  by  the  City  Engineer,  the  Board  of  bupervisors  em- 
ployed another  party,  who  gave  them  a  valuation  of  $23,121,502.00  (filed  February  29th,  1904— see  page 
6o<  Municipal  Reports  of  1903-4),  on  which  valuation  the  water  rates  of  the  next  fiscal  year  was  based. 
'  During  the  year  1904,  the  Spring  Valley  Water  Company  expended  for  betterments,  such  as  purchase 
of  lands  and  rights,  and  for  new  construction,  the  sum  of  $462,438.07  (taken  from  report  of  Secretary 
Howard  of  Spring  Valley  Water  Company,  the  Municipal  Report  of  that  year  not  being  availabk). 

The  City  Engineer's  valuation  of  the  properties  and  works  of  the  Spring  Valley  Water  Company,  in 

his  report  of  January  26th,  1905,  was  $25,001,441-00-  .  ., 

The  record  of  what  valuation  the   Supervisors  based  the  water  rates  on  for  this  yeai  are  not  avail 
able.     Suffice  it  to  say  that  the  rates  were  again  cut  so  low  that  the  Spring  Valley  Water  Company  was 
naa'm  rnrnnelled  to  enioin  the  city  from  enforcing  the  same. 
g     DuTng    he  year  \9o5,  the  Spring  Valley  Water  Company  expended  for  betterments  such  as .purchase 
of  lands  and  rfgto,  and  for  new  construction,  the  sum  of  feio.75i.io  (taken  from  report  0   Secretary  How- 
ard ofthe  Spring  Valley  Water  Company,  the  Municipal  Report  for  this  year  not  havmg  been  published  as 

yCt)  The  City  Engineer's  valuation  of  the  properties  and  works  of  the  Spring  Valley  Water  Company  Feb- 

e"f°tr "  =  1S5  ^TCZ  that  the  position  of  the  Water  Company,  from  a  f^ 
^c^n^^ 

^Inetaxes  have  also  enormously  ^£^^£££Z«  *»  *■  -  * 
And  as  practically  the  only  resource  of  the  corn  pany    » si^  ^.^  ^^  g 

WatT^^te,  in  the  Appendix  A  to  ^^^^g'ZTSZZ  K 

visors  on  the  necessity  of  providing  a   a.r  and    de,  u       « to     ate , 

,,„»«  for  the  consequences  of  madequ ah water  >  a e^>  s*  ^^  ^   ^  ^  ^  rf 

under  the  provisions  of  the  new  Charter;  enormously  valuable  lands,   water  rights  and 

Assuming,   furthermore,  that  *e  -tens        and   nov,  ^  ^  ^  ^  ^  ^  ^ 

rights  of  ^P-^J^^aSfcSib-  *«*—  in  separate  tracts,  until  the  vanous 
iqoi,  had  110/  increased  in  value  over      c 

properties  were  united  into  -P^^jn^fec.st.ffc-PM"*-"1- 
Assuming,  finally,  that  the  cost  ^^'^tvgeW  increased  during  this  long  period  of  twenty-three 
tion  of  the  company's  water  works  plant,  had 
years : 
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The  properties  and  works  of  the  Spring  Valley  Water  Works,  at  the  beginning  of  the  year  1901,  when 
the  first  appraisement  was  attempted  by  the  city  authorities  under  the  new  Charter,  would  have  a  mini- 
mum value  of : 

$11,000,000.00  offered  by  the  city  in  the  fall  of  1877  for  the  peninsular  works; 
$1,000,000.00  paid  in  1875  for  all  the  properties  and  water  rights  of  the  Oakland  and  Alameda 

Water  Companies  on  the  Alameda  Creek  System ; 
$14,932,485.18  expended  by  the  Spring  Valley  Water  Works  from  the  beginning  of  1880  to  the  end 

of  1900  for  betterments,  such  as  purchases  of  lands,  water  rights,  rights  of  way  and 

for  the  construction  of  its  works,  up  to  a  supply  capacity  of  3 1  million  gallons  per  day 

in  1900. 


Total:  $26,932,485.18,  or,  in  round  figures,  $26,930,000. 

In  the  following  table  I  shall  (Sub.  A)  place  this  sum  of  $26,930,000  at  the  head  of  the  column;  also 
(Sub.  B),  the  annual  expenditures  for  betterments  made  by  the  Water  Company  during  the  following  five 
years,  viz. :  1901,  1902,  1903,  1904  and  1905,  are  enumerated,  as  heretofore  detailed. 

I  shall  also  place  in  the  same  table  (Sub.  C  and  D)  the  various  valuations  of  the  Spring  Valley  Water 
Company's  properties  and  works  during  and  for  these  five  latter  years,  as  made  by  the  City  Engineer  and 
the  Supervisors. 

I  shall  also  place  in  this  table  (Sub.  E)  the  taxes  annually  paid  by  the  Spring  Valley  Water  Company 
on  its  properties  and  works  for  the  respective  years;  which  will  show  that,  although  the  Supervisors,  for 
water-rate-fixing  purposes,  assumed  that  the  works  had  not  increased  in  value  during  this  five-year  period 
(although  fully  $3,400,000  were  expended  for  betterments),  the  respective  City  and  County  Assessors  had 
a  full  appreciation  of  their  increase  of  value  for  taxing  purposes,  which  they  showed  by  enormously  increas- 
ing the  company's  taxes  during  that  time: 
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This  table  shows  that,  although  the  Spring  Valley  Water  Company  expended  for  betterments,  during 
the  five  years  from  1 90 1  to  1905  (both  inclusive)  the  sum  of  $3,402,455.48,  which,  in  turn,  increased  the 
value  of  its  works  far  in  excess  of  this  expenditure,  the  valuation  by  the  City  Engineer,  during  these  same 
five  years,  increased  only  from  $24,667,800,  in  the  beginning  of  1901,  to  $25,450,327,  in  the  beginning  of 
1906,  or  a  total  increase  of  only  $782,527,  or  less  than  one-fourth  of  the  sum  actually  expended. 

The  table  furthermore  shows  that,  although  the  City  Engineer's  valuation  of  the  works  and  properties 
of  the  company  shows  for  these  five  years  an  increase  of  only  3  1/10  per  cent.,  the  taxes  paid  by  the  com- 
pany during  1905  show  an  increase  over  the  taxes  paid  during  1901  of  82  2/10  per  cent. 

Several  of  the  highest  authorities  in  the  profession  of  Hydraulic  Engineering  in  the  United  States,  being 
thoroughly  acquainted  with  the  entire  properties  and  works  of  the  Spring  Valley  Water  Company,  as  now  uni- 
fied, and  with  their  capabilities  for  rapid,  safe  and  economical  extension  in  the  future,  have  valued  them  at 
fully  twice  the  latest  appraisement  put  upon  them  by  the  City  Engineer, — especially  when  compared  with  the 
cost  and  relative  merits  and  demerits  of  the  nearest  Sierra  Nevada  scheme  of  equal  capacity. 

Any  fair-minded  person  will  be  convinced  that  the  actions  of  the  city  authorities  in  connection  with  the 
fixing  of  water  rates,  especially  since  the  adoption  of  the  New  Charter,  have  been  arbitrary,  unjust  and  un- 
fair, the  water  rates  fixed  by  them  being  neither  based  upon  the  true  value  of  the  properties  and  works  nor 
upon  the  evidence  placed  before  them  by  the  company;  thus  making  entirely  inadequate  provision  for  meet- 
ing the  annual  taxes,  operating  expenses  and  interest  obligations.  While  they  have  succeeded  in  largely  crip- 
pling the  company's  finances,  they,  the"  city  authorities,  are  solely  to  blame  if  the  safety  of  the  city  has  been 
imperiled. 

These  were  the  existing  conditions  and  circumstances  at  the  time  of  the  earthquake  of  April  18th, 
1906. 
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III. 


THE   EARTHQUAKE  OF   APRIL   18TH,    1906,   AND  SUBSEQUENT  CONFLAGRA- 
TION,  AND  THEIR   EFFECT   ON   THE  WORKS  OF  THE  SPRING 
VALLEY   WATER  COMPANY. 

Immediately  after  the  earthquake  occurred,  at  about  5.15  a.  m.,  April  iSth,  finding  that  the  telephone 
service  had  been  interrupted  by  the  earthquake,  I  started  for  the  Spring  Valley  Water  Company's  pipe  yard 
at  Bryant  street,  between  Fourth  and  Fifth  streets.  I  met  the  head  foreman,  Mr.  Gleesou,  with  his  buggy, 
who  was  coming  after  me,  and  we  found  considerable  difficulty,  owing  to  the  widespread  conflagration 
south  of  Market  street,  to  get  to  the  pipe  yard,  where  pipes,  stores,  repair  pieces,  horses,  wagons  and  men 

are  kept. 

Many  of  the  company's  men  had  reported  there  and  were  on  hand  to  carry  out  any  orders.  ine  men 
were  at  once  organized  in  squads  and,  under  the  direction  of  the  several  foremen,  started  out  to  discover  the 
extent  of  the  damage  done  by  the  earthquake  to  the  main  street  pipe  system  and,  wherever  possible,  to  repair 
breaks,  but,  in  such  manner,  as  not  to  interrupt  the  flow  of  the  water  from  the  respective  city  distributing 
reservoirs  towards  and  to  the  burning  districts. 

The  flow  of  water  from  the  country  reservoir,  viz.,  Pilarcitos,  San  Andres  and  Crystal  Springs,  into 
the  respective  city  reservoirs,  stopped  soon  after  the  earthquake,  showing  that  each  of  the  three  independent 

conduit  lines  had  been  ruptured. 

As  the  telephone  service  between  the  city  office  and  country  reservoirs  had  also  been  interrupted  by  the 
earthquake    I  started  out  at  once  to  examine  where  and  to  what  extent  these  main  country  conduit  lines 
v  re    uptured.     On  the  road  I  met  my  assistant,  Mr.  Lawrence,  coming  towards  town  to  report  to  me  wha 
Te  vaTous  pipe  walkers  (one  for  each  line)  had  reported  to  him.      (See  Map  9,  showing  profiles  of  the  four 
wrought-iron  pipe  lines  conducting  water  to  San  Francisco.) 
The  sum  and  substance  of  their  reports  was  that : 
1    The  earthquake,  having  torn  a  crack  or  fault,  several  miles  in  length,  along  and  across  the  upper  or 

northerly  direction,  havmg  been  subjec ted ^by  thee thq  ^  ^^  ^  ^ 

to  northeast  and  v.ce  versa,  were  compl  tely  «  a  1  had  ^  ^^  straight  up 

SaHL™  cS  the  heavy  timber  caps  bolted  down  to  the  tops  of  the  p.les. 

In  no  case  was  one  of  the  piles  'nJured-  fnrovided  all  repair  pieces  were  at  hand  and  the 

I  at  once  determined  that  it  would  ^^\^^tLu  be  required  for  the  rebuilding  of 

necessary  large  amount  of  heavy .umber  wa   at ,«     a ,    le  w       ^  ^  ^.^ 

iS1^?  SSK  ^     T-'tSl"  istance  of  destroyed  bridges  and  broken  pipes,  m  the  three 
valleys,  afterwards  turned  out  to  be  2,850  feet. 


So 

The  southern,  or  San  Mateo  County,  portion  of  the  30-inch  Pilarcites  pipe  line  being  destroyed,  but  the 
northerly  portion,  near  San  Francisco,  being  but  slightly  damaged,  the  latter  was  immediately  repaired,  and. 
by  starting  the  Lake  Merced  Pumping  Station  to  pumping  from  Lake  Merced  Reservoir,  in  San  Francisco 
County,  where  there  was  over  a  thousand  million  gallons  of  water  on  hand  at  the  time  of  the  earthquake,  we 
were  able,  at  nine  o'clock  on  the  evening  of  April  18,  or  sixteen  hours  after  the  earthquake,  to  send  a 
stream  of  between  six  and  seven  million  gallons  of  water  per  twenty-four  hours  past  Lake  Honda  Reservoir 
(at  365  feet  elevation)  into  and  through  the  Western  Addition.  This  regular  daily  supply,  added  to  the  31,- 
000,000  gallons  stored  in  Lake  Honda  Reservoir,  at  7  a.  m.  of  April  18,  largely  assisted  in  keeping  a  water 
supply  passing  through  the  Western  Addition  during  the  entire  progress  of  the  fire  and  thereafter. 

Before  noon  of  April  18,  all  orders  for  materials,  tools,  fittings  and  men  were  given  for  the  immediate 
repair  of  the  37-inch  San  Andres  pipe  at  Baden,  and  also  for  the  reconstruction,  in  as  short  a  space  as  pos- 
sible, of  the  badly  ruptured  44-inch  Crystal  Springs  pipe  and  bridge. 

The  San  Andres  37-inch  pipe,  having  four  large  lugs  torn  off  by  the  earthquake  near  an  expansion  joint 
on  the  bridge  at  Baden,  which  could  not  be  repaired  with  bands  and  lead  joint  (and  boiler-makers  and  tools 
not  being  immediately  available),  I  had  four  large  iron  patches  made  by  some  of  the  engineers  of  the  Bel- 
mont and  Millbrae  pumps,  and  had  them  securely  bolted,  with  rubber  gaskets  and  a  number  of  tap-bolts,  over 
the  torn  openings  of  the  pipe.  The  37-inch  pipe  was  then  securely  wired  and  bandaged  with  galvanized  No  9 
wire  and  cables  twisted  out  of  the  same  and,  on  the  morning  of  April  20,  the  water  from  San  Andres  Reser- 
voir was  then  slowly  and  carefully  turned  again  into  this  long  line  of  wrought-iron  pipe.  (See  photographs  -4 
and  25.)  a    r        t 

By  7  o'clock  on  the  evening  of  April  20,  or  sixty-two  hours  after  the  earthquake,  a  second  stream  of 
water  was  pouring  into  its  respective  city  reservoir,  the  College  Hill  Reservoir.  This  reservoir  had  been 
emptied  of  its  contents  of  11,400,000  gallons,  which  it  contained  at  7  a.  m.  April.  18,  by  its  main  arterial  pipe 
22-inch  diameter,  and  its  companion  pipe,  16-inch  diameter,  both  on  Valencia  street,  having  both  been  torn 
off  and  destroyed  between  Eighteenth  and  Nineteenth  streets  by  the  sinking  of  Valencia  street  of  from  one 
to  nve  feet. 

This  new  supply,  thus  brought  into  the  empty  reservoir  on  Friday  evening,  while  portions  of  San  Fran- 
cisco were  still  burning,  was  very  welcome  to  a  large  portion  of  the  unburnt  South  Mission  and  to  the  larger 

^rt  ur  ^°trer0'  and  t0  thC  lai'ge  faCt°rieS  there-  This  additi°™l  volume  of  water,  thus  brought  into  and 
through  College  Hill  Reservoir  (at  255  feet  elevation)  was  gradually  increased  to  8,000,000  gallons  a  dav, 
which,  with  the  supply  of  from  six  to  seven  million  gallons  daily  sent  in  from  the  Lake  Merced  Pumping  Sta- 
tion, made  a  total  supply  of  from  fourteen  to  fifteen  million  gallons  daily  flowing  into  the  city 

The  following  table  gives  the  state  of  the  three  largest  city  reservoirs  from  April  iS,  at  7  a  m  to  7 
a.  m.  April  22 :  '  "J       ' 


Elevation  365  Feet. 

Elevation  165  Feet. 

Elevation  255  Feet. 

Total  Water 

Time. 

Stored  in  Lake 

Honda  Reservoir, 

Gallons. 

Stored  in  University 

Mound  Reservoir, 

Gallons. 

Stored  in  College 

Hill  Reservoir, 

Gallons. 

Stored  in  3 

Reservoirs, 
Gallons. 

Wednesday,  April  18th,  7  a.  m 

Thursday,  April  19th,  7  a.  m.  . 

31,100,000 

13,700,000 

8,500,000 

5,400,000 

1,500,000 

30,000,000 

12,200,000 

6,500,000 

5,600,000 

5,200,000 

11,400,000 

72,500,000 
25,900,000 

Friday,  April  20th,  7  a.  m 

Saturday,  April  21st,  7  a.  m.  . .  . 

Sunday,  April  22d,  7  a  m 

6,700,000 

The  above  table  shows  that  at  no  time  during  the  fire  were  all  the  city  reservoirs  empty.  Besides,  in 
addition  to  the  water  thus  stored,  a  gradully  increasing  supply  was  sent  through  the  repaired  Lake  Merced 
and  San  Andres  conduits  into  the  city  during  April  19th,  20th,  21st,  22d  and  thereafter. 

The  seven  breaks  on  the  44-inch  Crystal  Springs'  main  pipe,  between  Crystal  Springs  and  Millbrae, 
where  the  pipe  was  in  the  ditch,  were  soon  repaired.  But  the  repairing  of  that  portion  of  this  pipe,  between 
San  Bruno  and  San  Francisco,  which  was  carried  on  the  three  widely  separated  piled  bridges  across  the  three 
separate  swamps,  met  with  considerable  delay,  owing  to  the  scarcity  of  the  properly  sized  lumber  and  heavy 
timber,  and  also  on  account  of  the  lack  of  proper  transportation  facilities  for  the  same. 
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Finally,  about  ten  days  after  the  earthquake,  having  meanwhile  lost  no  time  in  quickly  dismantling, 
segregating  and  preparing  the  pipe  for  relaying  by  cutting  off  the  torn  edges,  and  other  work,  some  2-inch  by 
12-inch  redwood  and  pine  planks  were  secured,  and  I  at  once  started  a  force  of  carpenters  to  construct,  on  the 
original  pile  foundation,  a  substantial  system  of  blocking,  spiked  together.  On  this  blocking,  stringers  were 
placed,  from  block  to  block,  made  of  2-inch  by  12  inch  pine  planks,  spiked  together  into  two  continuous 
girders.  Across  these  two  girders,  3-inch  by  12-inch  planks  were  laid,  and  on  this  cross-planking  the  torn- 
off  sections  of  the  44-inch  pipe  were  placed  and  riveted  together,  care  being  taken  to  place  lead-jointed  bands 
around  the  new  joints  (straddled  by  heavy  galvanized  wire  cables,  made  on  the  spot),  at  such  points  in  the 
bridge  crossing,  where  the  softer  portions  of  the  marsh  joined  the  firmer  parts  and  also  near  the  central  points 
of  the  softer  portions  of  the  same.  (See  photographs  20,  21,  22  and  23.)  Thus,  in  case  of  a  recurrence 
of  the  earthquake,  there  was  provided,  at  the  proper  places,  a  number  of  strong  but  flexible  joints  in  the 
44-inch  pipe,  that  would  have  enough  give,  so  as,  if  possible,  not  to  allow  the  pipe  to  be  ruptured  again  in 
these  critical  places. 

One  feature  of  the  destruction  of  the  bridge  and  pipe  across  the  San  Bruno  marsh  was  that  some  of  the 
pipe  was  thrown  to  the  west  and  some  to  the  east  as  much  as  four  or  five  feet. 

Most  of  the  broken  44-inch  pipe  was  ruptured  in  the  round  seams  and  in  lengths  from  thirty  to  fifty  feet. 
There  was  one  piece,  though,  about  800  feet  long,  of  this  44-inch  pipe,  which  was  mostly  lying  on  the  west 
side,  but  so  curved  that  it  made  quite  a  snake-like  appearance,  and  that  pipe  we  examined  carefully,  as  to 
the  strain  received  by  the  round  seams,  and  we  did  not  find  even  the  slightest  appearance  of  a  strain  in  the 
rivet  seam  or  a  crack  in  the  asphaltum  coating.  I  attribute  this  remarkable  flexibility  of  this  44-inch  pipe  to 
the  high  elastic  limit  and  the  great  degree  of  ductility  of  the  laminated  iron  used  in  its  construction.  Were- 
estabirshed,  by  careful  survey,  the  straight  line  and  grade  of  the  pipe,  and  found  that  neither  the  original 
straight  line  of  the  piles  nor  the  grade  of  their  tops  had  been  disturbed  by  the  earthquake.  Meanwhile,  with 
a  lot  of  jack-screws,  we  worked  the  long  800-foot  piece  of  pipe  carefully,  until  the  survey  showed  it  was 
straight  in  line  and  grade  and  in  place,  on  the  newly  completed  trestle. 

&  After  the  44-inch  Crystal  Springs  pipe  had  been  so  repaired,  it  was  again  covered  by  a  redwood  casing, 
on  the  bridge,  for  the  entire  length  that  had  been  broken.  _ 

The  seven  serious  breaks  in  the  44-inch  line  between  Crystal  Springs  Dam  and  Mil  brae,  having 
been  also  repaired,  we  were  able  to  turn  the  water  into  the  now  repaired  and  fully  rehabilitated  long  Crysta 
Springs  pipe  line,  slowly  filling  the  same  with  water,  while  driving  out  the  air  through  the  air-valves  on  the 

^^ZZ^rZ  atThe  University  Mound  Reservoir,  in  San  Francisco,  at  the  rate  of  ,25  000  gallons 
per  hour  7 10  a  M  on  May  16th.  Gradually,  by  1  o'clock  p.  m.  of  the  same  day  the  flow  of  water  had 
£E££  Uo  SalkL  per  hour,  or  about  six  and  *™^j£^  ^  5  £ 

ifith,  it  had  been  increased  *^™J^^^^  £  University  Mound  Reservoir,  although 
Thereafter,  it  has  been  steadily  increased     0   hat   h     upply h  X  ^  ^  ^  ^ 

a  large  amount  of  water  was  being  wasted  from  the  same  in*  ■  ^.^  ^ 

pipes,  through  thousands  of  house  and  other  service  pipes,  still  broken,  ana  g 

wasteful  use  of  water  by  the  people.  .  named  .    ^  destrQyed  the  pilarcitos 

The  same  San  Andres  earthquake  fault,  as  Prol *so  ^  ^  Andfes 

3o-inch  pipe  line,  also  passed  through  «^^^^3  5*  also  stood  in  the  line  of  the  fault 
Reservoir  outlet  tunnel,  fracturing  it      The  ne«   con  S  lininjured.      (See  Map    13   and 

and  within  about  ten  feet  of  the  above  brick  gate  well,  was  apparency 
Photographs  from  38  to  45  and  102  )  ^  main  gan  Andfes  tunnel(  was  sornewhat 

The  brick  tunnel,  connecting  the  "^  ££  *  with  the  flow  of  the  water  through  the  same.  As  man- 
damaged  by  the  earthquake,  but  not  so  as  to  mter«r  ^  ^  ^.^  ^^  fey  cement  groutmg 
hole  C  (Photograph  38)  gives  ready  access  to  this  tunnei,  -  ddle  core  tl  h  the  entire 

The  San  Andres  dam,  built  of  selected  day,  with  a  &* ^c to  cl  y£  ^  ^^  ^  ^.^ 
length  of  the  center  of  the  dam  and  from  the  bedrock  up  ^  ^  ^  ^^  ^      (See  Maps 

a  few  small -cracks  in  the  macadam  pavement  on  the  top 
13  and  6  and  Photographs  Nos.  28  and  3a.)  ^^  ^  Qverflow  weir,  was  cut  in  two  by  the  earth- 

The  large,  heavy  brick  and  cement  tunnel   trom  ^  ^  ^^  ^     ^  h^y  timber  chute  con_ 

quake  fault  passing  right  through  it,  and  was  ^  <  photographs  from  29  to  37  and  103. 1 

nected  with  the  same  was  also  partly  destroyed.     (See  Map    3 
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The  Lock's  Creek  aqueduct,  one  of  the  main  feeders  of  the  San  Andres  Reservoir,  having  been  dam- 
aged by  the  earthquake  and  the  nearness  of  the  fault  has  since  been  repaired  and  is  now  in  normal  condition. 
(See  Map  13,  and  Photographs  from  46  to  53,  and  from  14  to  19.) 

The  San  Andres  waste-weir  tunnel,  as  well  as  the  brick  gate-well,  above  mentioned,  will  be  repaired 
this  summer  by  either  using  first-class  re-enforced  concrete  or  by  constructing  a  heavy  timber  chute. 

The  Crystal  Springs  main  concrete  dam,  145  feet  in  height,  which  forms  the  large  Crystal  Springs 
Reservoir,  of  a  present  capacity  of  19,000  million  gallons,  was  left  uninjured  by  the  earthquake.  (See 
Maps  13,  6,  7  and  8  and  Photos  26,  98,  100  and  101.) 

The  upper  Crystal  Springs  Dam  received  a  severe  blow  near  its  extreme  east  end  and  near  the  top. 
The  earthquake  fault  passed  through  the  serpentine  bluff,  against  which  the  east  end  of  the  dam  is  built. 
Its  original  lower  portion,  that  has  a  puddle  core,  was  apparently  uninjured,  as  the  earthquake  fault  ran 
through  the  upper  and  eastern  part  of  the  road-fill,  which  has  been  made  over  the  top  of  the  original  clay  core 
dam.      (See  Maps  13  and  6,  and  Photos  27  and  99.) 

As  the  water,  on  both  sides  of  the  dam,  is  practically  on  the  same  level,  communicating  through  the 
lower  tunnel  and  through  the  two  upper  waste-weir  tunnels,  no  practical  injury  is  done  to  the  dam. 

Neither  the  Sunol  filter  beds,  on  the  Alameda  Creek  System,  nor  the  Sunol  Aqueduct  and  36-inch  pipe 
line,  on  the  east  side  of  the  bay,  nor  the  four  submarine  pipe  lines  were  injured;  only  a  slip-joint,  on  one 
of  the  two  16-inch  shore  connections,  was  pulled  apart  several  inches,  on  the  east  side  of  the  bay;  and  two 
8-inch  blow-offs,  at  the  west  shore  connection  of  one  of  the  16-inch  pipes,  were  broken  off  by  the  shock. 
(See  Maps  1  and  10.)  These  minor  injuries  were  quickly  repaired,  and  Alameda  Creek  water  has  since 
been  crossing  under  the  Bay  of  San  Francisco  and  pumped  at  Belmont  Pumping  Station.  We  now  receive 
from  there  about  fourteen  and  a  half  million  gallons  a  day,  no  more  being  required  from  there  at  present. 

The  Alameda  pipe  line,  on  the  east  side  of  the  Bay  of  San  Francisco,  gives  one  of  the  best  illustrations 
of  the  suddenness  of  the  earthquake  shocks.  The  submarine  pipes  bring  water  from  the  Sunol  filter  beds 
through  an  aqueduct,  consisting  of  concrete  tunnels  and  heavy  redwood  flume,  along  Niles  Canon,  to  a  point 
near  Niles.  Here  the  36-inch  pipe  starts,  descending  gradually,  for  about  eight  miles,  in  a  southwesterly 
direction,  through  Centerville  and  Newark,  to  a  bridge  passing  over  the  Newark  marsh  for  fully  9,000  feet, 
to  a  navigable  slough,  which  is  about  30  feet  deep  and  300  feet  wide.  Through  this  slough  four  submarine 
pipes  (two  16-inch  and  two  22-inch)  run — the  former  laid  in  1887  and  the  latter  in  1901.  These  submarine 
pipes  are  connected  at  both  ends  to  the  36-inch  wrought-iron  pipe,  each  submarine  pipe  being  controlled  by 
two  gates.  At  the  westerly  side  of  the  above  slough  those  four  submarine  pipes  are  connected  together,  each 
one  with  a  shut-off  gate  and  each  one  with  a  blow-off.  The  36-inch  pipe  then  proceeds  southwesterly,  on 
the  same  kind  of  additional  trestle,  for  over  7,000  feet,  to  Dumbarton  Point,  which  is  located  on  the  easterly 
shore  of  the  narrow  neck  of  the  Bay  of  San  Francisco.  At  this  point  the  36-inch  pipe  again  divides  into  two 
16-inch  and  two  22-inch  ball-joint  submarine  pipes,  each  one  with  gates  and  blow-offs,  which  pipes  run 
parallel  to  each  other  and  underneath  the  bay — the  two  16-inch  being  to  the  south  and  90  feet  from  the 
22-inch  pipes.  These  pipes  again  join  at  the  San  Mateo  shore,  at  Ravenswood,  into  one  36-inch  pipe,  with 
exactly  the  same  construction  as  at  the  above  described  slough;  and  thereafter  the  36-inch  goes  southwest- 
wardly  through  the  marsh  on  a  pile  trestle  for  nearly  2,000  feet,  and  from  there,  for  fully  nine  miles,  in  a 
ditch  underground,  through  Menlo  Park  and  Redwood  City  to  Belmont  Pumping  Station,  where  the  same 
discharges  the  water  into  a  reservoir.  From  this  reservoir  the  water  is  pumped  into  a  standpipe  and  runs 
to  San  Francisco. 

At  the  time  when  we  built  the  first  submarine  lines  and  the  36-inch  pipe,  during  1887  and  1SS8,  fearing 
that  the  watchman  might  shut  the  submarine  gates  down  too  suddenly,  with  a  strong  current  of  water  flow- 
ing from  Niles  tank  towards  the  submarine  pipes,  I  put  on  an  automatic  safety  valve  at  the  east  side  of  the 
slough  and  the  bay,  in  order  to  lessen  or  avoid  all  shock  danger  to  the  eight  or  nine  miles  of  36-inch  pipe 
that  might  be  caused  by  the  sudden  shutting  off  of  the  submarine  pipe  gates.  These  automatic  safety  valves 
had  a  number  of  large  rubber  disks,  which  were  regulated  carefully  to  open  automatically  at  the  slightest 
shocks  above  the  normal  pressure.  East  of  this  shock  valve  I  had  a  tall  air  chamber,  where  any  air  in  the 
36-inch  pipe  would  collect  and  could  be  let  out.  I  knew  that  the  bottom  of  the  bay  and  the  bottom  of  the 
slough  were  not  perfectly  level,  and  that  there  might  be  high  places  in  the  pipe  where  any  air  getting  into  the 
same  might  accumulate.  I  therefore  put  up  these  air  chambers  to  prevent  any  air  from  entering  the  sub- 
marine pipes.  Eastwardly  from  the  air  chamber  and  close  to  the  same  was  placed  a  vacuum  valve,  on  top 
of  the  36-inch  pipe,  which  valve  would  open  instantly  and  automatically,  the  moment  the  pressure  was 
taken  off  the  pipe  by  a  break,  or  whenever  it  was  emptied,  for  repair  purposes,  by  opening  a  blow-off  gate. 
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At  the  time  of  the  earthquake,  on  the  morning  of  April  iSth,  the  water  was  coming  westwardly,  at  the 
rate  of  fully  16  million  gallons  daily,  through  the  36-inch  pipe,  having  a  mean  velocity  of  fully  y/z  feet  per 
second.  The  water  was  flowing  towards  the  bay  with  that  velocity,  going  through  the  submarine  pipe  and 
towards  and  to  the  reservoir  at  Belmont.  When  the  shock  came  the  vacuum  valve  instantly  dropped  and 
let  air  into  the  pipe,  showing  that  at  that  point  east  of  San  Francisco  Bay  the  first  shock  observed  came  in  a 
southwestwardly  direction.  It  further  showed  that  this  shock  was  much  more  rapid  than  the  velocity  with 
which  the  water  flowed  in  the  same  direction.  The  vacuum  valve  fell  down,  and  when  the  reaction  shock 
came  from  southwest  to  northeast,  the  valve  closed  suddenly,  throwing  up  a  stream  of  water  into  the  air 
while  closing  At  the  same  instant  the  safety  valve  nearby  opened  automatically,  closing  when  the  shock 
was  passed,  and  thus  by  discharging  quite  a  quantity  of  water  relieved  the  long  36-mch  pipe  to  the  east  trom 
the  effect  of  the  shock,  which  might  have  been  disastrous. 

A  the  three  large  pumping  plants  in  San  Francisco,  viz. :  Black  Point,  Lake  Merced  and  Seventeenth 
Street  Station,  were  not  injured  by  the  earthquake,  as  well  as  the  ones  at  Millbrae  and  Crystal  Spring, 
A  Belmont  Pumping  Station  the  only  slight  damage  done  was  the  breaking  of  a  flange  on  a  steam  valve 
i  one"  the  fiveVmps,  which  has  since  been  repaired;  the  other  four  independent  plants  there  received 

1,0  Take  tr  Reservoir,  in  San  Francisco  County,  which  was  constructed^  Engineer  Von  Schmidt 
-md   later   added  to  by  an  architect  named  Jordan,  was  turned  over  to  me  in  i366      It  was  m ured  by m 
rth^ke  cracking  the  heavy  western  wall,  the  shock  coming  from  the  .vest  and  shakmgu    as       y  mo m 
tain,  about  joo  feet  high,  causing  the  slope  to  slide  down  towards ;the  *£.     ^  ^  free  use  op 
grout  the  large  cracks  and  fissures  in  the  west  wall  were  successfully  filled  and  closed, 
Ling  sinc/been  full,  appears  to  be  £«*£«&   <£^»£££L  w00den  roofs  burnt 

places  where  the  ground =hich  *$£S2?£^  of'breaks  in  She  streets  that  passed  with 
old  deep  swamps  and  soft  marshes,     inere  weie 

deep  loose  fills  over  former  ravines.       See  Map  I 1  and  Pho f>  om  >  ^  ^  ^  ^^ 

PIn  solid  ground  there  was  very  little  '7^"^  J  r      aused  by  the  use  of  dynamite  and  other 
on  the  accompanying  Map  No.  1 1  as  bong  on  solid  ground 

explosives,  employed  in  blowing  down  buildings.  as         pipeSi  electric  light 

In  the  above  sunken  streets  the  city  sewers, .as •  «U^  °th  d  by  the  sinklng 

conduits,  etc.,  suffered  the  same  as  the  water  p.pes,  in  that  tnej 

and  violent  oscillations  of  the  ground  in  Ae  street  pipe  system,  of  which 

On  July  18th  there  had  been  discovered  and _  repaired  30  ^^  of  the  ^ 

number  276  were  in  and  ^.^£2^^ 

viz.,  in  the  unburnt  district,  only  24  ^^™  ^eet  in  rehabilitating  the  city  distributing  system 

But  the  most  serious  problem  that  we  have  had    0  me  ^  ^^  p.pes  (hat 

has  been  the  work  of  shutting  off  the   housands  of  broken ^      ^ ^  ^  ^^  rate  q£  about 

torn  off  by  the  burning  and  falling  buildings  during  th    c^       g  fa  ^^  ^  somet]mes 

6,000  and7,ooo  service  pipes  a  day,  ranging  from ^^        *    during  the  entire  conflagration,   d,s- 
which  service  pipes  were  thus  torn  off  and    ett 

charging  uselessly  into  the  accumulated  debris.  ^  {actory  connect;ons  and  of  automatic- 

The   total   number  of  the  house,  hot  1,     levato ^     ^  conflagration,  amount  to  over  23,200 

sprinkler  pipes,  thus  torn  off  and  left  open  by  and  during  ^  main  ^  p]pes  „  over 

separate  p"es   n  the  burnt  district.    The :  breaking  tea    "^  tW     ^yke  pipes  left  but  little  pressure  m 

e  hundred  places  and  the  opening  of  the.  many    h™ nd  ^  ^  f  h 

the  main  pipes  in  the  unburnt  district  and  for  the  to  o{  ^  San  Franclsc0  F  «  Depart- 

5  shan  ^ere  quote  from  my  letter  o    ££££&  our  Jty  repair  forces  in  rehabilitating  the  city 


here  quote  from  my  ictwj  ^  J  _      pnrni11ltered  by  our  city  repair 
ment  on  this  subject  and  on  the  difficulties  being  encounteie      y 
distributing  system  in  the  burnt  district : 
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..  ,  As  you  know,  the  principal  b.aksc^sed £*  ~figg££*  gfffil 
SSt  STSKt^^^^^U-  -  -  badly  hurt  in 
these  Identical  sunken  streets,  particularly  south  of  Market  street. 

-  But  with  the  exception  of  th^off  bythe  .rthquake  of  the^ind,  -d^^ch  pjpes, 

^e^r^^^nr^XrS'^rt  ££5£tb  College  Hnl  Reservoir,  the  damage 
lone  bv' the breakT  n  the  balance  of  our  pipe  system  was  not  any  more  serious  than  as  the  confla- 
fralXtJesS the  gradual  tearing  off  by  the  burning  and  falling  buddings  of  over  23,200 
g'a  P  ?'  tfn™J  sfchashouse  services,  factory  supply  pipes,  standpipes  for  hose  reels,  large 
elevTor  Z*  — £  ^priZer  pipes  etc.  The  immediate'  effect  of,  first,  the  tearing  and  twist- 
nJofr  byte  earthquake  of  the  main  street  pipes  (especially  in  swampy  and  filled  ground)  and 
second  the  conflagration,  lasting  from  three  to  four  days,  successively  and  irresistibly  tea.mg  off 
and  opening on  ^  average,  over"  six  thousand  a  day  of  the  above  service  connections  during  the 
nre^alence  of  the  fire,  or,  by  actual  count,  a  total  of  23,200  service  pipes  large  and  small  (havmg  a 
total  area  o°f  lout  seven  thousand  square  inches)  was  to  take  away  the  pressure  in  the  burning 
region. 

"  Is  there  a  better  argument  in  favor  of  a  municipal  independent  fire  protection  system?  With 
a  number  of  large  salt  water  reservoirs  on  the  hills,  in  the  city  squares  and  an  entirely  independent 
fire-pipe  and. fire  hydrant  system  (especially  if  swamps  and  loose  fills  were  avoided),  such  a  disas- 
rous  conflagration  could  be  entirely  avoided  in  the  future.  Foreseeing  a  calamity,  such  as  has  just 
visited  us  I  outlined  an  independent  salt  water  plan  some  eight  or  ten  years  ago,  in  a  report  to  the 
Board  of  Supervisors,  so  as  to  separate  the  domestic  from  the  fire  service,  but  neither  my  report  nor 
the  ur-ent  advice  of  the  late  Chief  Sullivan  was  ever  heeded  by  the  authorities.  I  am  now  en- 
-ae-edln  the  preparation  of  a  similar  plan  for  a  salt  water  municipal  fire  protection,  with  the  hope 
that  either  it  or  some  other  similarly  effective  plan  will  be  adopted  by  the  city  m  the  near  future. 
"  I  have  gone  into  some  detail  in  this  letter  to  you,  so  as  to  reiterate  my  views  on  the  subject  of 
an  independent  salt  water  supply  and  also  as  I  wish  to  show  you  the  great  difficulty  we  are  meeting 
in  the  indifference  on  the  part  of  the  property  owners  in  the  burnt  district  in  regard  to  removing 
the  large  piles  of  debris  piled  on  sidewalks  and  streets,  particularly  in  the  regions  of  the  former 
brick  buildings. 

"  We  are  importuned  by  hundreds  of  peopie,  who  want  to  rebuild  in  those  districts,  to  furmsn 
them  with  water.  As  all  the  water  supplied  in  that  part  of  the  burnt  district,  where  brick  buildings 
prevailed,  comes  from  the  south  and,  of  necessity,  has  to  pass  northwardly  through  the  low,  level 
burnt  regions  between  Valencia  street,  on  the  west,  and  Potrero  avenue,  on  the  east,  and  then  in  a 
northeasterly  direction  and  between  Market  street,  on  the  north,  and  Berry  street,  on  the  south- 
all  of  the  main  pipe  lines  within  these  regions— and  paralleling  either  Valencia  or  Market  street 
(with  the  exception  of  the  Market  street  mains)  pass  through  the  regions  where  the  streets  have 
sunken  all  the  way  from  one  to  five  feet  and  the  sewers  and  main  pipes  have  been  torn  off  and  have 
sunk  with  the  streets. 

"  The  burnt  district  contains  over  one  hundred  miles  of  main  street  pipes,  over  which  the  above 
23,200  open  service  pipes  are  scattered.  Most  of  the  large  and  vital  main  pipes,  especially  those 
feeding  or  leading  the  water  to  the  shipping  and  former  business  districts,  have  been  repaired,  and 
more  than  one-half  of  the  total  of  23,200  open  service  pipes  have  been  closed,  thus  not  only  pre- 
venting the  water  from  escaping  from  the  repaired  main  pipes,  but,  above  all,  succeeding  in  carry- 
ing a  good  fire  pressure  along  said  main  pipe  lines  and  into  the  old  business  districts.  As  the  main 
pipes  generally  lie  within  from  three  to  five  feet  of  the  curb,  and,  as  the  stop-cocks  are  under  the 
sidewalks  and  also  the  taps  are  near  the  main  pipe,  we  have  encountered  tremendous  difficulties, 
also  causing  much  delay  in  getting  at  these  stop-cocks,  which  were  all  left  wide  open  by  the  fire  and 
which  all  have  to  be  shut  off  before  we  can  send  the  water  under  pressure  to  the  next  adjoining 
block. 

"  Frequently,  single  lot  owners,  or  even  a  group  of  adjoining  lot  owners,  clear  their  piles  of 
debris  from  the  streets  and  sidewalks  and  then  demand  water  from  us.  Meanwhile,  the  blocks, 
through  which  the  water  has  to  come  to  reach  the  above  applicants  for  water,  remain  littered  and 
covered  with  high  piles  of  brick,  iron  and  other  debris,  which  the  owner  or  owners  of  the  re- 
spective lot  or  lots  refuse  to  move.  (See  Photos  83  to  88.)  The  work,  therefore,  of  rehabilitat- 
ing the  water  supply,  particularly  in  the  former  brick  building  districts,  is  very  costly  to  our  com- 
pany and,  under  the  circumstances,  where  we  have  to  remove  the  debris  ourselves,  in  order  to  get 
at  the  main  pipes  and  the  stop-cocks,  although  we  have  a  large  force  working,  is  very  much  re- 
tarded by  the  indifference  or  unwillingness  of  the  respective  lot  owners. 

"An  early  resumption  of  normal  conditions  in  regard  to  the  domestic  supply  and,  particularly, 
to  the  hydrant  supply,  is  to  the  interest  not  alone  of  our  company  and  the  Fire  Department,  but  also 
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to  the  entire  city     Anything  that  you  and  your  department  can  do  to  facilitate  this  matter  will  be 
highly  appreciated  by  our  company,  and,  particularly,  by 

Yours  respectfully, 

"  H.  Schussler, 
"  Chief  Engineer  of  the  Spring  Valley  Water  Company. 

P.S.     I  enclose  sample  of  the  notices  which  have  been  sent  around,  in  large  numbers,  but  so 
far  they  have  had  but  a  very  slight  effect. 


The  following  is  a  copy  of  the  notice  above  referred  to 


Office  of  Spring  Valley  Water  Company. 
"  San  Francisco,  Cal.,  June  i,  1906. 


Notice. 


"  The  streets,  sidewalks  and  basements,  through  the  burned  district,  especially  in  that  part 
within  the  old  fire  limits,  are  encumbered  with  debris,  the  removal  of  which  is  now  one  of  the 
greatest  problems  which  confront  the  city.  In  every  one  of  the  basements  within  this  burned  dis- 
trict are  old  connections  with  the  water  mains,  varying  from  three-fourths  of  an  inch  to  four  inches 
in  diameter,  which  have  been  left  open  by  the  fire,  and  which  cannot  possibly  be  wholly  closed  before 
the  street  and  lots  have  been  cleared.  The  Water  Company  has  a  large  force  of  men  now  engaged 
in  closing  these  leaks  as  far  as  possible,  but  in  spite  of  these  efforts  many  must  remain  open  until 
the  work  of  clearing  away  the  debris  from  the  streets,  sidewalks  and  basements  has  been  well  ad- 
vanced toward  completion.  We  are  now  bringing  daily  into  the  city  fully  twice  its  present  legiti- 
mate consumption,  one-half  of  which  is  wasted  by  passing  to  the  sewer  through  concealed  open- 
ings in  the  burned  district.  The  waste  of  water  in  itself  is  not  being  considered  by  the  Company, 
but  it  is  its  first  duty  to  keep  the  reservoirs  within  the  city  limits  full  as  a  protection  against  fire. 
Under  these  conditions,  which  we  believe  have  not  been  fully  understood,  we  trust  that  people  de- 
siring water  through  the  burned  district  will  rely  upon  our  using  our  best  efforts  to  supply  them  at 
the  earliest  possible  moment,  and  that  they  will  excuse  delays  which  result  from  causes  entirely  be- 
yond the  Company's  control. 
y  F    J  "  Spring  Valley  Water  Company. 

The  foregoing  extracts  from  my  letter  of  June  20th  are  self-explanatory . 

Since  the  writing  to  the  Chief  of  the  San  Francisco  Fire  Department  of  the  above  letter,  fully  one 
month  has  passed,  and  still  many  of  the  streets  in  the  former  business  district,  through  all  of  which  our 
water  pipes  pass,  are  littered  and  filled  with  debris  to  this  day,  the  same  as  before. 

In  spite  of  the  above-described  condition  of  the  streets,  our  various  squads  of  repair  forces,  working 
under  a  systematic  and  methodically  devised  plan  of  rehabilitation,  have  so  far  succeeded  in  putting  nearly 
75  per  cent,  of  our  distributing  system  in  the  burnt  district  into  normal  condition.  By  doing  so  we  have  used 
very  possible  effort  and  spared  no  expense  to  not  only  supply  water  for  domestic  purposes to  those  , 
wanted  to  rebuild  in  the  burnt  district,  but  we  are  also  maintaining  a  good  pressure  on  the  fire  hydrants 
there  thereby  assisting  in  protecting  the  newly  constructed  buildings  against  fire. 

On o Kost  Lions  breaks  in  the  main  pipe  lines  was  caused  by  the  earthquake  shaking  and  set  ling 
down  by  from  Te  to  five  feet,  the  region  between  Eighteenth  and  Nineteenth  streets,  on  Valencia  street- 
Sphotc sZ  Ts  59j  £  64  and  65.)  Here  an  old  swamp  had  been  loosely  filled  m  many  years  ago,  by 
am and  ah  kLd of  mate rWand  rubbish  obtainable,  the  fill  being  twenty  feet  or  more  m  depth  Our  pipes, 
any  and  all  lands  01  mdu.u<u  .     ,  ,  this  rep-jon.    Be  ng  aware  of  this  state  of  affairs 

which  had  to  be  below  the  pavement  of  the  street  had  to  a  os ^   eg  &        remembered  the  location 

regarding  the  character  of  the :  oun da  ion  ^^^^^n^d  of  cast-iron  bell  joints,  with 
of  this  swamp  and  made  our  ^^^^f£  "se  of  *#ght  settlement.  This  pipe  is  to-day  in  a  per- 
lead  joints,  which  would  give  or  yield  somewhat  in  case i  g  earthquake,  from 

feet  condition,  except  at  the  ^^^^^££  2tu£  boundary  of  the  swamp.  This 
four  to  five  feet,  which  naturally  tore  £J*W^  and  over  the  top  of  the  pavement  and  well 

serious  break  was  quickly  repaid  by  laymg  act       th  Pf  ^.^  ^       ^  a 

into  terra  firma  on   each  side  of  the  s ,m , a        -  Montgomery  avenue,  etc.,  to  and  into 

chance  to  drive  a  supply  of  water  along  Market  to  bansome 

the  Francisco  Street  Reservoir.  _        T-Tpio-hK  regions  are  supplied  by  the  Black  Point  Station, 

As  the  high  ^^^tJ^sSSSST^-  oTthe  gLtest  instance  to  senc, 
which  in  turn  draws  its  watei  fiom  the  1  ranuw-u 
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a  sufficient  supply  of  water  as  rapidly  as  possible  via  Valencia,  Market  and  Sansome  streets  and  Montgomery 
avenue  to  and  into  the  Francisco  Street  Reservoir. 

The  Crystal  Springs  System,  from  which,  in  normal  times,  this  reservoir  receives  its  supply,  being  at 
that  time  interrupted  by  the  breaks  on  the  44-inch  pipe  line,  could  therefore  not  be  called  upon;  thus,  by  the 
above  rapidly  completed  repairs  of  the  Valencia  street  mains,  the  object  was  accomplished. 

In  order  to  supply  the  unburnt  region  of  the  Mission  District,  we  quickly  also  laid  over  the  Valencia 
street  swamp,  and  on  top  of  the  pavement,  a  16-inch  cast-iron  pipe;  thus  making  the  supply  of  the  unburnt 
portion  of  the  College  Hill,  or  middle  city  supply  district,  independent  of  the  supply  sent  to  the  Francisco 
Street  Reservoir. 

More  than  ten  years  ago  I  pointed  out  to  the  company  the  wisdom  of  establishing  a  Very  large  storage 
reservoir  in  San  Francisco,  to  hold  from  three  to  four  hundred  million  gallons,  at  fully  three  hundred  feet 
elevation.  The  company  thereupon  purchased  a  tract  of  land  of  forty-two  acres  back  of  the  Industrial  School, 
for  the  purpose  of  constructing  thereon  the  above  reservoir.  From  this  reservoir,  a  conduit  consisting  of  a 
series  of  large  concrete-lined  tunnels  were  to  be  constructed  in  a  general  direction  of  northeast  by  north  to- 
wards the  southwesterly  head  of  Market  street  in  San  Francisco,  where,  from  a  gate-house  at  the  northeast 
end  of  this  tunnel,  at  an  elevation  of  about  265  feet  above  tide,  a  system  of  large  distributing  mains  would  ra- 
diate in  southeasterly,  easterly,  northeasterly  and  northerly  directions.  All  of  the  city  reservoirs  and  districts 
below  the  level  of  this  main  gate-house  were  to  be  supplied  by  gravitation  from  the  same.  The  hilly  part  of 
the  West  Mission  was  to  be  supplied  from  the  same  main  tunnel,  through  side  adits,  which  in  turn  would  sup- 
ply the  large  proposed  north  and  south  main  on  Dolores  street. 

But  the  continuous  cutting  down,  by  the  Supervisors,  of  the  price  of  water  during  the  last  decade  j>re- 
vented  our  company  from  undertaking  this  important  work,  as  the  company's  revenue  was  thereby  reduced 
below  its  bare  requirements  for  its  obligations,  consisting  of  taxes,  operating  expenses  and  interest. 

We  had  also  projected  a  16,000,000  gallon  reservoir  on  our  Market  street  block,  near  Buchanan  street, 
at  150  feet  elevation.  This  reservoir  would  be  supplied  from  the  University  Mound  Reservoir  and  also  from 
the  above  proposed  Industrial  School  Reservoir.  It  would  have  a  large  independent  pipe  line,  down  Market) 
street,  studded  with  many  hydrants,  and  was  intended  to  give  to  this  important,  broad  thoroughfare  an  en- 
tirely independent  system  of  fire  protection.  I  knew  at  that  time  that  the  foundation  of  Market  street,  with 
the  exception  of  its  filled  easterly  end,  was  solid  and  reliable  throughout,  as  was  also  proven  during  the 
earthquake.  A  strong  plea  was  made  by  our  company  with  the  Board  of  Supervisors,  in  June,  1893,  against 
destroying  this  fine  isolated  rocky  hill,  made  and  placed  there  by  nature,  apparently,  for  the  purpose* of  a 
commanding  reservoir  at  the  head  of  this  great  thoroughfare.  If  this  hill  were  saved,  we  agreed  to  at  once 
construct  this  reservoir.  But  all  our  arguments  and  warnings  were  of  no  avail,  and  the  Supervisors  ordered 
Ridley  street  to  be  cut  through  this  fine  reservoir  site  with  a  deep  and  long  excavation.  There  is  no  doubt 
whatever,  that  this  large  volume  of  water  stored  therein,  at  150  feet  elevation,  coupled  with  an  independent 
large  pipe  for  fire  purposes  only,  down  Market  street,  would  in  all  probability  have  prevented  the  late  fire 
from  crossing  over  to  the  north  side  of  the  same. 
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APPENDIX  A. 

(See  Page  25  of  Report.) 

I  shall  here  quote  from  several  of  my  printed  reports,  made  and  handed  to  the  Supervisors,  pleading 
for  fair  treatment,  in  order  to  show  that  the  attention  of  the  city  authorities  had  been  fully  and  plainly 
called  to  the  tremendous  responsibility  they  were  assuming  by  trying  to  cripple  the  finances  and,  conse- 
quently, the  resources  of  the  Spring  Valley  Water  Company. 

Page  9  of  my  report  to  the  Board  of  Supervisors,  made  January  28th,  1904: 

"  Necessity  of  an  Ample  Water  Supply. 

"Your  predecessors  in  office  were,  and  no  doubt  your  Honorable  Board  is  fully  aware,  that 
it  is  an  absolute  necessity  that  this  city  must  have  an  ample  supply  of  water  at  all  times,_both  for 
domestic  and  fire  purposes,  no  matter  whether  such  water  is  supplied  by  the  municipality  or  by 
private  enterprise,  or  by  both. 

"That  the  city  authorities  have  heretofore  been  and  are  now  desirous  of  providing  water 
for  the  city's  future  growth  is  proven  by  the  various  steps  taken  by  them,  from  time  to  time,  to 
procure  a  municipal  supply. 

"  That  the  Spring  Valley  Water  Works  and  its  successor,  the  Spring  Valley  Water  Company, 
has  been  and  is  emphatically  of  the  same  opinion,  that  the  necessity  for  an  increase  of  the  supply 
has  existed  and  does  exist,  has  been  proven  not  only  by  its  systematically  acquiring  additional 
properties,  necessary  in  the  near  future,  and  by  constantly  extending  its  works,  but  also  by  many 
urgent,  but  vain  appeals  to  your  predecessors  in  office :  not  to  reduce  and  cripple  the  necessary 
revenues  of  the  company,  as  by  such  reduction  the  proper  and  timely  extensions  of  the  works 
would  be  prevented,— extensions  that  were  and  are  absolutely  essential  to  meet  the  rapidly  grow- 
ing demands  of  the  community. 

"  The  Spring  Valley  Water  Company,  which  now  supplies  this  city  with  water,  has,  for  ^  more 
than  forty  years  past,  given  to  this  city  and  its  inhabitants  as  good  a  service  as  was  obtainable 
with  the  physical  and  financial  means  at  its  disposal ;  and,  but  for  such  good  service,  this  wind 
exposed  and  largely  inflammable  city  might  have  been  swept  by  conflagrations,  as  the  best  fire  de- 
partment in  the  world,  without  such  a  water  supply,  would  be  powerless. 

"  Necessity  for    First-class    Work. 

"  It  pays  neither  the  municipality  nor  a  private  corporation  to  use  cheap  and  inferior  materials 
and  to  employ  poor  workmanship  in  the  construction  of  water  works  or  other  utilities. 

"  This  fundamental  principle  has  guided  the  Spring  Valley  Water  Company  and  its  predecessor 
in  the  past  and  will  continue  to  do  so  in  the  future,  as  our  experience  has  taught  us  that  to  build 
after  first-class  design  and  with  the  best  of  materials  and  workmanship,  but  without  extravagance, 

is  true  economy.  .  . 

"  Appropriateness  of  design,  best  quality  of  materials,  and  the  high-class  workmanship  em- 
ployed, have  given  our  works  reputation  and  standing  all  over  the  United  States,  which  we  in- 
tend to  maintain.  m  .  .  . 

"  Good  works,  like  ours,  cost  money,  as  the  city  will  find  out  when  it  embarks  into  municipal 
ownership  of  the  proposed  public  utilities. 

Capital  Invested  and  Interest  Thereon  Must  Be  Safe. 

"  In  such  event,  the  city  will  have  to  pledge  its  faith  and  credit,  in  order  to  induce  capital 
(which  is  naturally  timid)  to  invest  in  the  city's  proposed  bond  issues 

"  If  a  necessary  utility  is  not  undertaken  by  the  city,  but  instead  is  left  to  private  enter- 
prise capital  in  order  to  be  induced  to  invest  in  the  stock  and  bonds  of  such  private  corporation, 
must  of  necessity,  have  not  only  the  fullest  confidence  in  the  ability  of  the  management  but  also, 
and  primarily,  in  the  financial  stability  of  the  corporation,  which  means  an  assurance  of  absolute 
safety  of  the  investment  and  interest,  not  only  in  the  present  but  also  in  the  future. 

"  Responsibility    of  the  City  Authorities. 

"  Subject  to  the  approval  of  the  voters,  the  new  Charter  vests  in  the  Board  of  Supervisors 
the  power  to  acquire  municipal  water  works,  either  by  purchase  or  construction. 
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"  If  this  course  is  adopted  and  approved,  the  entire  responsibility  for  an  adequate  and  constant 
supply  of  good  water  for  the  future  will  rest  with  the  Board  of  Supervisors.  With  them  will  also 
rest  the  responsibility  of  establishing  and  maintaining,  without  a  shadow  of  a  doubt  and  to  the 
fullest  satisfaction  of  capital,  the  desirability  of  the  investment  and  of  the  absolute  security  of 
principal  and  interest  until  the  final  redemption  of  the  bonds. 

"  Should,  on  the  other  hand,  the  city  authorities  neglect  or  fail  to  carry  out  the  above  Charter 
provision,  but  should  instead  leave  such  utility  to  private  enterprise,  they  are,  in  this  case,  no  less 
responsible  for  a  constant  and  abundant  supply  of  water  and  also  for  the  security,  safety,  and 
financial  stability  of  such  private  enterprise.  For  the  latter  case,  the  new  Constitution  provides 
that  the  Board  of  Supervisors  must  annually  fix  a  fair  water  rate,  which  means,  that  not  only 
should  operating  expenses  and  taxes  be  provided  for,  but  also  a  fair  interest  should  be  returned 
to  the  owners  of  the  enterprise,  and  enough  additional  revenue  should  be  provided  to  pay  interest 
on  the  cost  of  such  new  extensions  of  the  works  as  are  necessitated  by  the  increasing  consumption, 
not  to  mention  a  fund  to  provide  for  deterioration, 

"  If  the  city  authorities,  in  their  annual  rate  fixing  fail  to  provide  the  proper  and  necessary 
amount  of  revenue,  thereby  preventing  the  expenditure  of  additional  capital  for  constructing  such 
new  works  as  are  made  necessary  by  the  constant  growth  of  the  consumption,  the  responsibility 
for  such  failure  to  have  the  zvorks  extended  in  due  time,  falls  directly  upon  them. 

"  Assuming  that  all  of  the  legal  difficulties  were  now  removed  that  will  be  encountered  by 
the  city  in  acquiring  all  of  the  lands,  water-rights  and  rights  of  way  necessary  to  bring  an  in- 
dependent municipal  supply  of  water  from  the  Sierra  Nevada  to  this  city;  even  if  the  works  were 
commenced  at  once,  it  would  take  about  six  years,  or  until  the  year  1910,  before  such  municipal 
water  could  be  distributed  in  San  Francisco. 

"  During  this  interim,  that  is  from  now  until  1910,  the  city  will  be  constantly  growing  in  popu- 
lation and,  as  my  above  estimate  shows,  the  water  consumption  will,  by  that  time,  have  grown  to 
at  least  forty  million  gallons  a  day. 

"  It  is  imperative,  therefore,  that  the  works  now  supplying  the  city  with  water  must  have 
their  capacity  increased,  and  that,  ahead  of  time,  so  as  to  keep  fully  ahead  of  the  growing  con- 
sumption. 

"  To  provide  for  such  additional  supply  requires  time  and  money,  the  interest  on  which  the 
city  authorities  will  also  have  to  safeguard,  in  addition  to  all  taxes,"  operating  expenses  and  in- 
terest on  the  stock  and  bonds. 

"The  attention  of  the  various  Boards  of  Supervisors  has  heretofore  been  frequently  called 
to  their  responsibility  in  the  matter,  as  the  following  extracts  from  my  former  reports  will  show. 

"  In  my  report  of  February,  1901,  page  7,  I  say: 

"  'This  splendid  result,  of  meeting  the  ever-growing  demands  for  water  gradually  and 
successively,  as  the  city  grew,  and  in  spite  of  the  frequency  of  single  and  successive  dry  and 
unproductive  rainy  seasons,  could  never  have  been  accomplished  if  it  had  not  been  for  the 
timely  acquisition  of  water  rights  and  lands  and  the  construction  of  the  magnificent  storage 
reservoirs  and  the  development  of  other  additional  resources  which  the  company  had  provided 
in  time  to  meet  just  such  emergencies.  And  as  sure  as  this  city  is  bound  to  grow,  calling 
upon  whoever  may  be  supplying  it  with  water  hereafter,  whether  it  is  a  corporation  or  the 
municipality  itself,  or  both,  additional  water  facilities  have  to  be  provided  at  no  matter  zvhat 
cost/ 

"  On  page  8  of  the  same  report,  I  say : 

"  'Whether  a  corporation  or  the  municipality  supplies  the  water  to  this  city,  it  is  abso- 
lutely essential  to  look  ahead  and  acquire  the  water-rights,  lands,  reservoir  sites,  etc.,  ahead 
of  the  time  when  they  are  absolutely  needed ;  our  experience  having  shown  that  once  the  fact 
is  established  that  properties,  as  above  described,  will  be  needed  in  the  reasonably  near  future 
(which  means  for  a  large  and  rapidly  growing  community  like  ours  within  the  next  ten  or 
twenty  years),  it  is  always  true  economy  to  buy  them  as  they  are  offered  for  sale  from  time  to 
time,  so  as  not  to  excite  the  seller  and  raise  the  price  unnecessarily.  Many  of  our  large 
water-right  and  other  properties  have  taken  from  ten  to  twenty  years  to  complete  the  entire 
purchase/ 

On  pages  10  and  11  of  the  same  report,  I  say: 

'  'This  corporation  has  been  for  about  forty  years  supplying  this  city  with  water,  and, 
unless  other  water  works  are  built  hereafter  either  by  the  city  or  some  one  else,  this  com- 
pany will  be  called  upon  for  some  years  to  come  to  meet  the  ever-increasing  demand  for  water 
in  this  city.  Waterworks,  under  our  climatic  conditions,  as  well  as  on  account  of  the  high 
price  of  labor  and  materials,  cost  a  great  deal  of  money.  As  for  an  increasing  supply  for  the 
future,  and  an  improved  and  extended  distributing  and  reservoir  system  in  this  city,  a  great 
deal  of  money  will  be  required,  and  as  money  is  proverbially  timid  (especially  as  to  water- 
supply  enterprises  111  California,  where  the  purchaser  of  water  demands  a  supply  at  such  price 
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stock  or 
the  prop- 


as  the  purchaser  or  his  municipal  representative  fixes),  it  is  difficult  to  sell  either 
bonds  of  this  corporation  at  a  fair  price  which  anywhere  near  approaches  the  value  ot 
erty,  on  account  of  the  insecurity  of  the  interest  to  be  paid  on  the  ^°X^^J^ 
so  far,  the  city  authorities  have  been  constantly  cutting  the  rates,  and  make  no  allowance  what 
ever  for  a  sinking  fund  for  the  redemption  of  the  bonds. 

"  ^  ^e  S£  rtfee  repeated  reductions  (against  our  protest)  £*£. 
rates,  particularly  since  the  beginning  of  the  year  1897,  by  which  redue ons  the  financml 
resources  of  the  Spring  Valley  Waterworks  were  jencm.  3'  "'^^^hile  ve  hTd  n 
to  the  detriment  of  the  city  and  the  Fire  Department,  I  wish  to  state,  that  while  we  laid  (m 
round  numbers)  in  the  streets  of  San  Francisco  in 

l896 32       miles  of  pipe, 

We  laid  in  i6      miles  of  pipe, 

mi  '.';'. 1554  miles  of  pipe, 

x°9k  .  I4       miies  of  pipe, 

1899  -  ■  • 4       miles  of  pipe, 

1900  only   ^ 

'■  0n.^i  \n  sprinter  «  w:Sp"tr^r^urce  from  ^  **  «** » T 

ment  the  company  would  be  able  to  p .ope n     a         i  ^  .^  &        d_ 

at  reasonable  rates  of  interest     Such P^^ireiSe  works  expanded,  as  has  been  plainly 
ual  fair  reduction  of  the ,  water  rates  in  the  i    «^s  "  e  i  ^  ^  ^^ 

shown  in  my  report  on  the  value  of  *eSP™g  Valley  Water  W  ^  ^  ^ 

the  city  authorities  persist  and  succ eed  >n  c npp  1  mg    he  co    P     y  ^  ^ 

to  blame  for  making  the  works  as  w  11  a     he  wat  i    up  >;      is  t0  decrease  or 

^k^^*^^^-^-^^;  iqo,  r  say 

"  In  rny  report  made  two  years  later  to  the  Board  of  Supervisors,  in  February,  .903,  I  say 

on  this  subject,  on  page  10:  .    practically  the  only  source  from  which 

"  '  As  long  as  the  Spring  Val  ey  Water  \\  oiks  is  pr,  /  •     t  hands  and 

the  city  gets  its  supply  of  water,  it  is  but    an  t askf it  fa  u  treatm  y  ^ 

^the^/SeS^citTS-S^  ^  ^  — d  Md  "^  "S 
own  municipal  water  works. 

"In*eXrnearPa0srtc0anIb9e03estfmSaeted8;  ^population  of  our  city  has  of  late  years  grown  at 

the  following  ratio:  nnnulation  was  «5,ooo  inhabitants;  at  the  beginning 

"•At  the  beginnmg  of   1900,  *eW?^?j£e  beg  nning  of  1902,  the  population  was 
of  I9oi,  the  population  was  365,00c ' '"hatont s   at  the  begin      ^       j         .^ 
385,000  inhabitants ;  at  the  beginning  of  19°?,  £<=  pop  ^CB&ra  0f  «on«y 

"'This  growth,  if  continued,  will  rec mil  :in ne  J     ^  iftfgm,    o/,erotog 

and  a  C«^«J  -d ."^^^e^^^STn^-  under' way  and  which  are 
=; "0  rTthe^cS  r^mSts  for  water  in  our  rapidly  growing  city  cannot  U 

made.1 " 

APPENDIX  B. 

,  r-t     1«  rilmin  Hvde  and  Professor  Charles  Derleth,  Jr.,  both 

During  the  first  days  of  May,  ^7^™,  California,  made  an  exhaustive  examination 
of  the  Department  of  Civil  Engineering ,  of  the  Unn  e      y  ^  fa  ^ 

of  the  works  of  the  Spring  .Valley  Wate    ^^  a;;ofesnr  Derletll,  wllich  appeared  in  the  Engmeering 
The  following  are  extracts  from  the  report 
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"  The  writer  lias  visited  Pilarcitos,  San  Andreas  and  Crystal  Springs  reservoirs,  also  all  of 
the  important  flumes  and  conduits  connecting  these  reservoirs  with  San  Francisco.  He  has  had 
no  opportunity  to  examine  the  Alameda  conduit  south  of  Burlingame,  but  is  informed  that  all  of 
the  works  along  this  part  of  the  conduit  and  at  its  source  of  supply  are  intact  and  feels  confident 
that  such  is  the  case,  since  all  of  that  work  lies  in  a  region  of  lesser  disturbance.  The  water  sup- 
ply of  Oakland,  Alameda  and  Berkeley,  as  I  have  already  reported,  is  practically  uninjured,  and  it 
is  likely  that  the  Alameda  conduit  south  of  Burligame  has  been  subjected  to  very  nearly  the  same 
degree  of  shock  as  the  works  of  the  Contra  Costa  Company  of  Oakland. 

"  The  Pilarcitos  reservoir  is  to  the  west  of  the  main  fault  line  and  is  separated  therefrom  by 
by  a  range  of  hills  known  as  the  Sawyer  Ridge.  That  reservoir  is  thoroughly  intact  and  its 
earth  dam  (95  feet  high)  is  unaffected.  The  waste-way  conduit  connecting  it  with  San  Andres 
Lake  is  also  intact.    The  reservoir  is  full  of  water. 

"  The  main  fault  line  runs  through  Crystal  Springs  Lake,  but  in  no  way  appears  to  have 
affected  the  imperviousness  of  its  bottom,  since  the  reservoir  on  May  3  was  full  of  water.  It  is 
interesting  to  note  that  the  fault  line  passes  through  the  older  dam,  which  separates  the  lake  into 
two  halves,  but  that  dam  is  not  seriously  affected,  and  even  if  it  were  ruptured,  there  would  be  no 
danger,  so  far  as  it  individually  is  concerned,  to  the  impounding  capacity  of  the  whole  reservoir. 

"  All  observations  of  the  effect  of  the  earthquake  along  the  fault  line  convince  the  writer  that 
there  was  an  oscillating,  shearing  action  of  the  surface  materials,  so  that  the  material  to  the  east 
of  the  fault  line  rubbed  against  that  at  the  west.  This  shearing  oscillation  was  not  wholly  hori- 
zontal, but  must  have  had  some  vertical  component.  At  this  time,  however,  it  is  not  possible  to 
state  the  exact  direction  of  action.  Of  course  these  surface  movements  must  be  due  to  a  rupture 
in  the  hard  materials  beneath,  but  just  what  has  occurred  in  the  firm  crust  below  is  not  entirely  evi- 
dent. From  Crystal  Springs  Reservoir  to  Lake  Merced  the  surface  ground  usually  is  what  is 
known  as  black  adobe  land.  In  places  it  is  yellow  adobe  and  sometimes  it  is  a  mixture  of  the  two 
I  Ins  ground  along  the  fault  line  has  been  subjected  to  tensions  and  compressions,  and  the  earth- 
quake has  left  permanent  distortions  and  offsets. 

"  The  Pilarcitos  conduit  for  a  considerable  distance  practically  coincides  with  the  main  fault 
me;  indeed  one  might  almost  imagine  that  the  break  in  the  ground  was  purpose y      ak  do 
along  the  pipe  line,  or  vice  versa,  from  San  Andreas  dam  to  Frawley  Gulch,  a  distance  of  abo 
six  miles      In  this  length  the  conduit  is  a  30-inch  laminated  wrought-iron  pip o ^  abou    "  16 
inch  metal,  with  transverse  circular  riveted  joints.      The  rivets   are   %-inch   in   diameter      The 
center    me  of  the  pipe  is  usually  about  3  to  4  feet  beneath  the  grotmd      In  the  e  ^  mileJof 
length  the  pipe  is  ruptured  ma  great  many  places.     At  one  pofnt  it  is  ruptured a    a  riveted 
join     by   tension;  at   another   by   compression.     The  writer  counted    10  such   nptl  from 
point  near  the  northern  end  of  San  Andreas   Lake   to   Frawley   Gulch*     ^JtiFSJl^ 

te^SSTorSSi  Tfeet     Tr  "  S°me,  PlfeS  Whefe  thC  P'^  haS  C°«  =  ^o-L    n 

unearthed  Where  the  pSL  ^  **  n(\5°ubt  many  m°re  ruPtures  that  have  not  as  yet  been 
imeaitnecl.      Wheie  the  giound  has  been  subject  to  resultant  tension  the  pipe  is  nulled  anart  bv 

relative  to  he s  face  matS  to  ft V7<  <£"«  V I-  "^  bodily  t0  the  north  nOTthwest 
the  fault  line      At  Frawley  C,lS  ft    east  of  the  fault  line.    Fence  distortions  are  common  along 

feet  in  length  and  some  J  feeTin^m,  ""l"'-1  f™55^  a  timber  trestle'  heavi1)'  built,  about  10S 
to  the  eas?  oiZlZttllJZ^^  Th'S  treStle  is  about  ™e-quarter  of  a  mile 
severe  that  it  en  u-ely  demolished  e  £X  1  ^  a,dobe  la,ld-  nevertheless  the  shock  was  so 
vibrated  in  a  vertical  p!Te  norma ,  £  1  wd™e^h^  *  carried.  The  trestle  seems  to  have 
east.  P         n0,mal  t0  Its  lenSth  aild  has  been  thrown  down-stream  to  the  south- 

that  panof  The  l^but  rfclf  ft^n*  '"""  *?  ?*"  t0  «*=  d*  as  *  *™  "ot  examined 
might  make  the  same  remarks  for  ftn5  T  '  T  ProbabIy  "<*  so  numerous  nor  so  serious.  I 
arcitos  conduit  will  no  doubt be  abandoned  "  *'  P'Pe  ""  PiIardt°S  ReSerTOir'     The  Pil" 

^^^Br^T^^^^^X.1"^ out of-a,is™ This 

from  Pilarcitos,  CrystTsorin^  nrTi  °f  damafLt0  the  conduits,  no  water  has  reached  the  city 
distributing  reservoir  for  ft"  ** '    ^       ^        '"  **  ^  h"  femPorari,y  become  *e 

Pilarcitos  Lake,  however  can  fW  t  Probably  "'.11  so  continue  in  the  future.  The  waters  from 
This  pipe  is  unharmed    but  PilarriL  ,     f  "  ,     dreas,  throuSh   the   waste-pipe   connecting   them. 

now  delivering  water  to   the  c  tv      *V?    f  "0t  ^  *?**■     The  San  Andreas  P!Pe  lfn<=  «« 

city.      Relatively  speaking,  its  injuries  were  very  slight;  only  one 
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important  rupture  has  come  to  my  notice.      It   was  quickly   repaired  by  putting  a  temporary 
band  on  the  pipe. 

"  The  fault  line  touches  the  eastern  edge  of  the  San  Andreas  dam,  which  dam  is  an  ex- 
cellent construction  of  earth  and  clay  nearly  ioo  feet  (93  feet)  in  height  above  the  original  sur- 
face of  the  ground.  As  an  eye  witness  I  am  convinced  that  this  dam  was  subject  to  a  most 
severe  earthquake  shock,  and  since  it  retains  the  water  of  San  Andreas  Lake  apparently  just 
as  well  as  before  the  earthquake,  it  should  be  a  source  of  great  satisfaction  to  its  designer  and 
builder.  The  ground  is  considerably  scarred  by  cracks  running  north  northwest  on  the  eastern 
bank  of  the  dam  where  the  nose  of  a  hill  naturally  projects  to  form  its  abutment.  These  cracks, 
which  are  quite  pronounced,  are  in  the  abutment  and  not  in  the  dam  itself.  There  are  a  few 
smaller  cracks  running  in  the  same  direction  at  the  extreme  westerly  end  of  the  dam.  On  the 
roadway  of  the  dam  there  are  some  small  longitudinal  cracks,  apparently  due  to  the  unequal 
settling  of  the  triangular  masses  with  respect  to  the  core,  but  they  are  not  serious.  The  writer 
is  convinced  that  an  earth  dam  properly  constructed  will  stand  a  very  violent  shock,  and  he 
cannot  praise  too  highly  the  construction  of  this  one.  A  very  careful  study  of  this  dam  may 
throw  some  light  upon  the  situation  and  problems  to  be  solved  at  Panama,  but  there  is  no  reason 
for  discussing  the  subject  now. 

"  The  flume  from  the  Crystal  Springs  pumping  station,  which  enters  the  San  Andreas 
reservoir  at  the  east  end  of  its  earth  dam,  has  entirely  collapsed  just  below  that  dam,  where  the 
main  fault  line  intersects  the  flume.  At  this  point  the  flume  rests  on  a  wood  trestle  of  con- 
siderable height.  As  soon  as  this  flume  is  repaired  the  waters  from  Crystal  Springs  reservoir  could 
reach  San  Andreas  and  thus  be  sent  to  the  city.  , 

"The  huge  concrete  dam  at  Crystal  Springs  (115  feet  above  the  natural  surface),  it  will 
be  at  once  seen,  was  subject  to  a  series  of  thrusts  and  pulls  in  vertical  planes  along  its  length, 
since  it  is  parallel  to  the  fault  line.  It  is  the  writer's  judgment  that  the  predominating  effect 
has  been  a  thrust.  The  dam  has  been  very  generously  designed  and  is  of  great  strength.  Its 
inner  face  has  a  much  heavier  batter  than  the  Rankine  formulas  require.  So  far  as  the  writer 
could  see  and  he  observed  the  dam  carefully,  there  is  not  the  slightest  crack.  The  intake  works, 
Crystal  Springs  Pumping  Station  and  all  accessory  construction  in  the  neighborhood  of  the  dam 

are  intact.  .  .  ,  .   .  ,        , 

"The    Crystal    Springs    conduit    at    the    time    of    writing  is    not    supplying    watei     to 
the     City       It     is     mainly     a     44-inch     laminated     wrought-iron     pipe,     about     i/j..-mch     in 
thickness    with    riveted    joints,    rivets    l/2-inch     in     diameter.       This     pipe     is     ruptured     in 
a    number    of    places,    but    mainly    where    it   crosses    the    marshes.      The    worst    destruction 
has  occurred  in  a  distance  of  about  1,600  feet,  where  the  pipe  crosses  a  marsh  between  San  Bruno 
and  South  San  Francisco.     In  this  place  the  pipe  rests  upon  a  wooden  floor,  supported  by  pile 
bents      These  piles  on  the  average  penetrate  the  mud  to  a  depth  of  about  40  feet      It  appears 
to  the  writer  that  this  marsh  shook  like  a  bowl  of  jelly,  the  vibrations  being  mainly  in  a  south 
southeasterly  direction,  or  nearly  at  right  angles  to  the  length  of  the  trestle      It  appears  that 
during  the  vibrations  of  the   earthquake  the  trestle  moved  with  mother  earth,  the  pipe  due  to 
its  inertia  tending  to  remain  quiet.     As  a  result  the  pipe  was  alternately  thrown  from _  one  side 
to  the  other  of  the  trestle  floor  and  its  box  covering  was  generally  smashed.     The  pipe  b.oke 
along  transverse  circular  joints,  sometimes  by  tension,  sometimes  by  crushing     On  May  2   when 
the  writer  visited  this  pipe  line,  the  work  of  repair  had  been  already  considerably  carried  out, 
and  within  a  surprisingly  short  time  the  city  will  be  receiving  water  through  this   arge  conduit. 
"  During  the  inspection  of  these  works  Professor  Hyde  and  the  writer  made  then  head- 
quarters at  the  Millbrae  pumping  station.     At  this  station  the  company  can  command  and  direct 
the  flow  in  all  its  conduits.     Under  normal  conditions,  by  eight  valves,  housed  four  each  in  two 
small  gate  houses,  one  can  command  almost  any  combination  of  flow  to  the  city  from  the  four 
main  sources  of  supply.     The  Millbrae  pumping  station  is  really  an  emergency  plant    but  at 
pre  en         i    a  sceneP  of  the  greatest  activity.     The  region  about  Millbrae  has  been  subjected    0 
a  very  severe  shock,  but  the  Millbrae  pumping  station  has  been  absolutely  unharmed  by  the  ten  b- 
Lf    I  should  observe  that  it  is  a  practice  of  the  Spring  Valley  engineers  to  use  cement  mortar 
for  their  brickwork,  with  selected  brick,  and  to  use  careful  proportions  of  cement  sand  and  stone 
of  th    highest  Qualities  for  their  concrete.     The  brickwork  and  concrete  of  the  Mil  brae  pumping 
station  exhibit  no  cracks  whatever.     In  striking  contrast  thereto  one  may  see  near  the  Millbrae 
sta  ion  of  the  Southern  Pacific  Company  the  power-house  for  the  trolley  lines  which  run  cars 
from  Fifth  and  Market  streets  in  San  Francisco  to  San  Mateo.    This  bui  ding  is  of  cheap  bik 
extraction  and  has  been  almost  utterly  destroyed.      Its  north   and   south  walls  have  entirely 
cohapsed  and  the  east  and  west  walls  seem  to  be  held  in  place  by  the  roof  girders. 

"It  is  plain  that  the  water-works  of  the  city  of  San  Francisco  have  been  subjected  to  a 
test  more  severe  than  the  hand  of  man  could  devise.  The  water  supply  of  a  city  is  a  most  im- 
nortant  matter  and  ever  since  the  earthquake  the  water  problem  has  been  the  greatest  one  of 
Z "  oblems  which  have  confronted  the  citizens  of  San  Francisco  It  is  not  surprising 
therefore    that  much  concern  should  be  expressed  about  the  water  situation,  and  it  is  ea.y  to 


42 


believe  that  the  present  ^«*^^^£r%^^'££^£ 

as  Tfind  it  and  this  I  can  certainly  do  without  bias.  The  destruction  to  the 
Sprine  Valley  Water  Company's  plant,  as  outlined  above,  has  been  produced  by  nothing  less  than 
aSclysm ^something  which  the  mind  of  man  could  not  foresee  and  whose  effects  no  engmeer- 
mff  true  "re,  no  matter  how  good,  could  resist.  The  Crystal  Springs  conduit  to  me  seems  ex- 
ceLit  but  it  was  doomed  on  the  marshes.  The  Pilarcitos  pipe  line  had  to  succumb  It  was 
righ  ton  the  line  of  fault  for  a  length  of  six  miles,  and  the  city  should  be  thankful  that  its  water- 
works' engineers  provided  it  with  so  complex  and  varied  a  system  of  conduits.  It  seems  to 
me  that  the  city  has  been  saved  from  a  terrible  water  famine  simply  because  the  San  Andreas 
conduit  survived  the  general  destruction.  Perhaps  in  the  future  it  will  be  wise  to  avoid  the 
marshes  and  made  ground  for  important  pipe  lines.  It  seems  to  me  also  that  the  small  reservoirs 
within  the  confines  of  the  city  should  be  connected  with  the  main  conduits  by  pipes  of  consider- 
able size  in  no  way  connected  with  nor  dependent  upon  the  gridiron  system  of  the  streets.  Had 
the  city  reservoirs  of  San  Francisco  tapped  the  large  conduits  independently  of  the  street  mains, 
some  of  the  present  delay  in  obtaining  water  and  fire  pressure  might  have  been  eliminated. 

"  Earthquakes  are  not  uncommon  in  California,  and  they  will  naturally  occur  again."  There 
has  been  much  talk  of  tapping  the  water  sources  of  the  Sierra  Nevada  Mountains  and  bringing 
the  water  to  San  Francisco  by  conduits  and  water  courses  which  must  be  nearly  200  miles  in 
length.  In  the  light  of  our  present  catastrophe  how  much  more  danger  must  there  be  of  earth- 
quake destruction  upon  a  line  of  so  extended  a  length?  Conduits  in  duplicate  would  be  of  no 
avail;  if  one  breaks  so  will  the  other.  The  only  safeguard  would  be  two  distinct  conduits,  run- 
ning 'in  widely  separated  districts,  but  such  a  proposition  would  entail  great  cost. 

"For  safety  the  city  needs  a  number  of  sources  of  water  and  a  number  of  conduits  so  ar- 
ranged that  they  will  not  tend  to  be  destroyed  all  at  the  same  time.  The  Spring  Valley  con- 
duits have  at  least  answered  these  requirements  to  such  an  extent  that  the  San  Andreas  con- 
duit survived.  Buildings  and  other  structures  in  San  Francisco  to  a  great  extent  have  been  no- 
toriously poor  and  the  time  is  ripe  for  the  people  of  the  Western  metropolis  to  realize  that 
they  must  enforce  proper  building  laws  and  a  proper  attitude  toward  healthy  construction,  both 
in  municipal  circles  and  in  private  works.  It  is  my  opinion  that  the  works  of  the  Spring  Valley 
Water  Company  are  relatively  of  an  exceptionally  high  type  of  construction.  Its  wrought-iron 
conduits  after  30  years  of  use,  even  in  their  present  demolished  condition,  exhibit  surprising 
preservation.  Its  pumping  stations  have  already  been  alluded  to;  they  have  survived  where 
nearby  structures  have  collapsed.  The  Crystal  Springs  dam  needs  no  praise — it  speaks  for  it- 
self. The  earth  dam  at  San  Andreas  appears  to  fulfill  its  functions  as  well  as  ever,  although 
it  is  directly  on  the  line  of  the  main  fault,  and  has  been  greatly  scarred.  It  should  be  carefully 
examined. 

"Within  the  city's  boundaries,  main  branch  pipes  and  in  general  the  pipes  of  the  gridiron 
system  have  been  much  destroyed.  In  the  softer  and  made  ground  this  is  especially  true.  More- 
over, the  great  extent  of  the  fire  destruction  has  left  innumerable  taps  and  service  pipes  to  hun- 
dreds of  burned  buildings  in  a  most  dilapidated  condition.  Again,  explosions  of  gas  mains  in 
many  places  have  added  further  rupture  to  the  streets  and  the  pipes  beneath  them.  With  this 
general  demoralization  of  the  gridiron  system  within  the  city  and  the  loss  of  the  Pilarcitos  and 
Crystal  Springs  conduits,  the  situation  on  the  morning  after  the  earthquake  may  be  understood; 
there  was  little  water  in  the  city  and  no  water  pressure. 

"  In  the  two  weeks  that  have  elapsed  since  the  earthquake,  the  engineers  of  the  Spring  Valley 
Water  Company  have  been  using  San  Andreas  Lake  as  a  distributing  reservoir,  and  water  has 
been  forced  with  gradually  increasing  pressure  into  the  city  through  the  San  Andreas  conduit. 
The  Crystal  Springs  conduit  is  also  being  repaired  as  fast  as  human  energy  can  do  so.  To  pro- 
tect the  western  addition  of  the  city  from  fire  it  was  necessary  to  insure  as  quickly  as  pos- 
sible a  proper  fire  pressure.  At  Valencia  street,  between  Eighteenth  and  Nineteenth,  where 
everything  was  ruptured,  a  16-inch  cast-iron  main  was  laid  on  the  west  side"  of  the  street  to  give 
pressure  to  the  western  addition  at  the  same  time  that  a  24-inch  main  was  laid  on  the  east  side 
of  the  same  street  to  repair  the  break  in  the  pipe  and  force  water  into  Market  street.  With  much 
difficulty,  by  gradually  increasing  the  pressure,  water  was  forced  down  Market  street  and  along 
other  streets  of  the  business  section,  where  numerous  breaks  were  found,  so  that  by  May  1 
water  reached  the  Black  Point  pumping  station  at  Fort  Mason,  situated  at  the  northerly  end 
of  Van  Ness  avenue.  Since  that  time  work  has  rapidly  progressed  so  that  at  this  writing  water 
has  reached  most,  if  not  all,  of  the  city's  distributing  reservoirs,  and  the  great  danger  from  fur- 
ther fire  is  past.  During  the  first  week  after  the  earthquake,  however,  the  city  was  in  a  very 
precarious  condition.  During  the  first  fortnight  it  was  found  necessary  to  deprive  the  people 
of  the  use  of  much  water,  naturally  to  their  great  inconvenience.  It  was  necessary  to  adopt 
such  measures  to  produce  sufficient  pressure  in  the  crippled  lines  to  discover  important  leaks. 
The  Spring  Valley  engineers  were  much  criticised  in  those  earlier  and  trying  days.     As  the  exact 
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situation  becomes  more  clearly  understood  the  stand  of  the  Water  Company  will  be  more  and 
more  appreciated. 

"  During  the  past  week  many  rumors  have  been  afloat  regarding  loss  of  water  from  the 
main  reservoirs.  These  rumors,  I  believe,  are  now  exploded.  All  of  the  reservoirs  are  full  and 
the  city  practically  has  an  unlimited  supply  of  water." 


APPENDIX  C. 

Extract  from  an  article  in  relation  to  the  effects  of  the  earthquake  on  the  water  supply  of  San  Fran- 
cisco from  "  The  New  York  Times  "  of  Monday,  July  9th,  1906: 

"  That  no  system  of  underground  mains  now  employed  for  water  distribution  could  re- 
main intact  through  such  a  disturbance  as  that  which  wrecked  the  city  in  April  no  engineer  needs 
to  be  told.  Even  slight  disturbances  induce  large  leakage,  and  severe  ones  destroy  a  water-main 
system  so  completely  as  to  render  it  temporarily  useless  for  fire  protection.  The  same  is  true 
in  equal  degree  of  gas  mains,  and  in  almost  equal  degree  of  electrical  conductors.  If  we  imagine 
a  condition  in  which  the  water  mains  are  broken  and  useless,  the  gas  mains  fractured  and  pour- 
ing their  inflammable  and  explosive  contents  into  vaults  and  cellars  in  great  volume,  and  electric 
wires  torn  from  their  fastenings,  short  circuited  and  establishing  arcs  with  every  conductor  with- 
in reach,  we  have  about  the  worst  combination  from  the  fire  underwriting  point  of  view.  Exactly 
this  disastrous  situation  was  brought  about  by  the  last  great  earthquake  in  San  Francisco.  It 
is  one  against  which  the  underwriters  must  protect  themselves — but  how? 

"  Perhaps  the  problem  is  one  which  admits  of  satisfactory  solution,  but  it  is  obviously  one 
of  great  difficulty,  and  its  solution  will  not  be  found  by  experimentation  along  the  lines  of  estab- 
lishel  engineering  practice." 


APPENDIX  D. 

The  following  are  extracts  from  the  report  of  City  Engineer  Woodward  on  the  breaks  in  the  San 
Francisco  sewer  system  caused  by  the  earthquake  as  published  in  the  "  San  Francisco  Chronicle"  of  June 

17th,  1906: 

"  The  vicinity  of  Van  Ness  avenue  and  Vallejo  street  is  one  of  the  prominent  points  of 
interest  It  was  found  that  Van  Ness  avenue  had  been  more  or  less  affected  from  a  point  150 
feet  south  of  Vallejo  street  to  Union  street,  the  greatest  subsidence  being  two  feet  at  the  crossing 
of  Vallejo  street.  There  was  also  subsidence  of  Vallejo  street  for  150  feet  on  each  side  of  Van 
Ness  avenue  There  was  a  lateral  movement  to  the  north  on  Van  Ness  avenue  of  about  three  feet 
on  Vallejo  street,  decreasing  to  about  one  foot  at  Green  street,  the  ground  and  buildings  upon 
it  having  been  moved  bodily  so  that  now  the  buildings  encroach  upon  the  neighboring  lots  or 
upon  the  street  As  a  result  of  the  subsidence  and  lateral  movement  the  sewers  extending  east, 
south  and  west  of  the  crossing  of  Van  Ness  avenue  and  Vallejo  street  were  broken  for  about  150 
feet  The  scene  of  the  disturbance  was  an  old  fill  of  about  forty  feet  which  had  been  made  years 
ago  in  the  ravine  leading  to  the  northwest    to    the    lagoon    formerly    called    Washerwoman  s 

"On  Valencia  street,  between  Eighteenth  and  Nineteenth  streets,  there  was  a  lateral  move- 
ment to  the  east,  with  a  maximum  of  six  feet  and  -a  subsidence  with  a  maximum  of  five  feet. 
This  occurred  in  made  ground  over  the  old  Willows  marsh,   one  of  the  tributaries   of  Mission 

"The  Fourth  and  Sixth  street  sewers  were  also  greatly  damaged,  some  of  them  showing  a 
Vertical  and  horizontal  movement  of  as  much  as  five  or  six  feet." 

He  further  summarizes  the  following  breaks  in  the  sewers : 

"On  Fourteenth  street,  between  Valencia  and  Harrison  streets;  on  Harrison  street,  between 
Twelfth  and  Thirteenth  streets;  on  Eleventh  street,  between  Harrison  and  Bryant  streets;  on  Ninth 
street  between  Bryant  and  Brannan  streets;  on  Dore  street,  between  Bryant  and  Brannan  streets; 
on  Laguna  street  between  Greenwich  and  Lombard  streets;  on  Shotwell  street,  between  Seven- 
teenth and  Eighteenth  streets;  on  Seventeenth  street,  between  Folsom  and  Harrison  streets;  on 
Howard  street,  between  Seventeenth  and  Eighteenth  streets." 

(Mem  -The  above  repotted  list  of  breaks  in   the  San   Francisco  sewers   (caused  by  the  earthquake)  generally  coincide  with  breaks  in 
the  street  pipe  syslem  of  the  Spring  Valley  Water  Company.) 
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APPENDIX   E. 

i.  Brickwork. 

Standard  Employed  in  the  Construction  of  the  Works  of  the  Spring  Valley  Water  Company. 

Brick  to  be  straight  and  even-sized;  to  be  hard-burnt  and  of  a  dark  cherry  color;  to  give  a  clear  ringing 
sound  when  two  bricks  are  struck  together. 

Mortar  to  be  made  of  one  barrel  of  Ai  Portland  cement  to  be  mixed  with  two  barrels  of  clean,  sharp 
sand  and  the  proper  proportion  of  water.  This  amount  of  mortar  to  be  made  up  and  (immediately)  used 
for  the  laying  of  every  500  brick; 

So  that  every  1,000  brick  laid  require  two  barrels  of  Portland  cement  and  four  barrels  of  sand. 

The  Portland  cement  to  be  at  least  six  months'  old  and  to  have  been  thoroughly  aerated,  after  being 
manufactured,  by  systematically  shoveling  it  over  a  number  of  times. 

Besides,  the  cement  must  show  the  proper  tensile  strength  and  must  otherwise  be  thoroughly  tested  in 
all  respects  before  use. 

No  lime  is  allowed  to  be  used  in  the  mixing  of  mortar. 

The  brick,  before  being  laid,  to  be  properly  moistened  with  water  so  that  they  will  not  absorb  any  part 
of  the  water  contained  in  the  mortar,  which  water  is  essential  for  properly  completing  the  chemical  process 
of  hardening  of  the  cement  mortar. 

All  brickwork,  while  being  laid,  must  be  well  bonded,  so  that  the  headers  are  not  separated  by  more 
than  four  rows  of  stretchers  in  buildings;  while  in  chimneys  every  three  stretchers  are  to  be  followed  by  a 
layer  of  header  bricks. 

All  horizontal  and  vertical  joints  must  be  completely  filled  with  mortar.  The  upper  surface  of  each 
completed  course  of  bricks  must  be  left  clean,  no  flushing  over  the  same  of  any  surplus  mortar  being 
allowed,  thus  giving  a  perfect  bond  between  this  course  and  the  next. 

In  very  particular  hydraulic  work,  where  the  brickwork  is  to  be  under  water  and  subject  to  water  pres- 
sure, I  frequently  allow  only  two  stretcher  courses  between  two  header  courses. 

The  only  exception  to  this  rule  is  made  in  our  tunnel  arching,  where  the  top  arch  is  usually  laid  in  two, 
three,  four  or  more  consecutive  rings,  all  consisting  of  stretchers,  but  bonded  together  by  first-class  joints  of 
cement  mortar.  A  good  example  of  this  character  of  brickwork  is  shown  in  photographs  of  San  Andres 
brick  gate-well,  from  40  to  45,  and  also  in  photographs  33,  36  and  103,  showing  the  brick  outlet  tunnel  of 
the  San  Andres  waste-weir. 

Both  of  these  structures  received  the  full  force  of  the  irresistible  blow  of  the  earthquake,  the  San 
Andres  fault  passing  right  through  them.  Still,  although  the  brickwork  was  crushed  by  the  blow  all  bricks 
and  joints  of  cement  mortar  were  sheared  through  together,  and  no  bricks  or  fragments  of  the  same  were 
broken  away  or  torn  from  their  respective  mortar  joints,  showing  the  excellence  of  the  materials  and  the 
superior  workmanship. 

The  brick  chimney  of  our  Black  Point  Pumping  Station,  as  well  as  the  brick  building  and  chimney  of  our 
Seventeenth  Street  Pumping  Station,  both  in  San  Francisco,  though  not  struck  by  the  fault  that  passed 
through  the  above  San  Andres  structures,  were  subjected  to  the  same  severe  shock  as  felt  by  the  same  and 
other  portions  of  the  peninsula. 

The  main  reason  that  the  brickwork  in  these  two  structures  of  the  Spring  Valley  Water  Company  in 

sula   buiuTth  ,  f',    -°Wing  D°  InJUry  WhateVer'  While  0ther  s!milar  st™<*»-es  on  the  penin- 

IkeT  to       fn      K0^"  and/"fe7°r.WOrl— 'P<  were  damaged  or  partly  demolished  by  the  earth- 

T,;    f  ,       H  ♦'"•       Ca        , Se'eCtIOn  °£  th£  materia'S  USed'  the  suPerior  workmanship  employed  and 

the  careful  and  minute  inspection  during  the  entire  construction 

If  the  same  high  class  of  materials  and  workmanship,  as  used  in  the  brickwork  of  the  Sprino-  Valley 

Wa  e.   Company  s  Engineering  Department,  had  been  employed  in  the  construction  of  brick  building^  n 

-^O"  the  pemnsula,  it  is  very  hkely  that  most  of  those    injured   by    the    earthquake    would    We  ^o 

2.  Concrete. 

Standard  Employed  in  the  Construction  of  the  Works  of  the  Spring  Valley  Water  Company 
One  barrel  of  At  Portland  cement  (cement  same  as  described  for  ou/brickwork),  two  ba-e7of  clean, 
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^ZTr^niTUt-TTdS  ?'  *,  barrd  °f  Water'  th0r°U^  mixed  With  22  cubic  **  °f  hard,  dean 
fourth  (S)  .net ring)         ^"^S^  '"S^"'5  °f  a"  S'ZeS  <the  larSest  Pieces  to  &°  trough  a  two  and  one- 

This  amount  of  material,  with  the  proper  workmanship,  makes  fully  22  cubic  feet  of  first-class  concrete, 
in  piace. 

The  broken  rock,  before  being  put  into  the  mixer,  to  be  thoroughly  washed  in  order  to  make  a  perfect 
bond  with  the  mor  ar  and  saturated  with  clean  water  (for  the  same  reason,  as  above  described,  for  the  wetting 
of  the  brick  before  laying) .  & 

.  The  concrete,  after  being  thoroughly  mixed,  to  be  transported  at  once  to  and  put  into  its  place  in  the 
work  under  construction.,  within  fifteen  minutes  after  mixing.  Here  it  is  to  be  rapidly  spread  in  layers  not 
exceeding  three  mches  m  thickness,  and  to  be  thoroughly  rammed  by  hand  until  the  new  layer  is  completely 
consolidated  with  the  former  one  and  all  the  interstices  between  the  rock  fragments  are  completely  filled  by 
the  cement  mortar. 

The  next  day's  work  to  make  a  close,  tight  junction  with  the  work  of  the  previous  day. 
New  work  is  not  to  be  exposed  to  the  sun,  but  kept  covered  with  planks  and  sprinkled  with  water  until 
completely  hardened. 

In  the  construction  of  the  Crystal  Springs  concrete  dam  and  all  our  other  concrete  work,  the  above  pro- 
portions and  methods  were  strictly  adhered  to;  only  in  the  Crystal  Springs  Dam  (being  of  very  massive 
dimensions)  the  alternate  block  system  was  adopted,  as  shown  in  Plan  6  and  7. 

That  the  above-described  method  of  carefully  selecting  the  materials  for  all  our  concrete,  and  employing 
the  very  best  care  and  workmanship  in  the  execution  of  the  same,  was  the  proper  method,  is  shown  not  only 
in  the  most  perfect  condition  (after  the  earthquake)  of  the  concrete  foundations  of  all  our  pumping  plants, 
but  also  and  particularly  by  the  fine  condition  of  the  concrete  at  San  Andres  Reservoir  and  the  Crystal 
Springs  concrete  dam,  the  former  being  practically  on  the  fault,  while  the  latter  was  located  less  than  one-third 
of  a  mile  northeast  of  the  same. 

Concrete  made  of  a  poorer  quality  of  materials,  or  of  a  poorer  mixture,  or  made  with  less  care,  or  with 
inferior  workmanship,  would  have  succumbed  to  the  terrific  strain  put  on  the  same  by  the  earthquake,  espe- 
cially in  the  neighborhood  of,  or  on  the  fault. 

3.  Clay  Embankments. 
Standard  Employed  in  the  Construction  of  Reservoir  Dams  of  the  Spring  Valley  Water  Company. 

Topsoil  removed  from  surface  of  the  proposed  base  of  the  dam  and  the  slopes  of  the  hills  until  firm  bed 
of  good  clay  material  is  reached.  A  trench  is  then  cut  along  centre  line  of  proposed  dam,  of  proper  width 
down  to  and  into  the  tight  bedrock,  and  clear  up  at  each  end  and  above  the  high-water  mark;  or,  if  bedrock 
cannot  be  found,  to  a  thoroughly  tested  and  perfectly  tight  and  reliable  and  continuous  clay  substratum. 

(See  Plan  6.)  This  trench  is  Carefully  filled  with  the  best  of  puddle  clay,  in  thin  layers  (not  exceeding 
three  inches),  thoroughly  spaded,  slightly  watered,  and  tightly  rammed,  until  the  surface  of  the  prepared 
base  of  main  dam  is  reached.  Puddle  being  kept  so  stiff  that  a  horse's  hoof  walking  over  the  same  will  not 
sink  more  than  two  inches  into  the  same. 

First-class  bank  clay  is  then  spread  in  layers,  not  exceeding  ten  inches  in  thickness,  over  the  entire  base 
of  the  dam,  excepting  the  puddle  pit,  these  layers  pitching  about  one  foot  in  forty  towards  the  centre  line  of 
the  dam.  Carts  and  wagons  hauling  the  material  on  to  the  dam  travel  longitudinally  with  the  same,  while 
still  loaded,  cutting  with  their  wheels  through  the  slightly  watered  face  of  the  dump,  thus  thoroughly  con- 
solidating the  new  layer  with  the  former  one. 

Over  the  completed  layer  a  three-ton  roller,  having  a  face  of  not  over  three  feet,  is  hauled  continually 
over  the  same,  so  that  every  point  is  reached,  the  principal  direction  in  which  the  roller  travels  being  also 
longitudinally  with  the  dam. 

Near  the  junction  with  the  natural  slope  of  the  hill,  against  which  both  ends  of  the  dam  abut,  where 
the  roller  cannot  reach  (and  which  slopes  have  first  been  properly  benched),  first-class  hand-ramming  is  to  be 
employed,  with  the  proper  amount  of  watering;  thus  consolidating  the  embankment  material  with  the 
slopes  of  the  hill  at  each  end. 

The  placing  of  puddle  clay,  of  the  kind  and  in  the  manner  above  mentioned  for  filling  the  trench,  is 
continued  upwards  at  the  same  ratio  as  the  raising  of  the  main  embankment  on  each  side  of  this  puddle  core 
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progresses,  until  the  puddle  core  reaches  a  level  of  about  three  feet  above  the  high-water  mark  of  the  pro- 
posed reservoir. 

Thereafter  a  layer,  from  12  to  16  inches  thick,  of  first  class,  tightly  packed,  hard  stone  rip-rap,  is  placed 
on  the  water  slope  to  prevent  wash;  while  on  the  dry  slope  a  layer  of  loam  is  placed,  on  which  a  proper  grass 
sod  can  be  raised,  to  prevent  the  washing  or  gullying  out  of  this  slope  during  rain  storms.  The  top  of  the 
dam  is  then  macadamized,  the  level  of  the  finished  top  being  from  five  to  six  feet  above  the  highest  water 

mark. 

It  goes  without  saying  that  proper  waste  or  overflow  weirs  are  provided  of  the  best  of  brickwork  or 

concrete. 

Outlet  conduits  are  not  allowed  to  pass  through  the  body  of  the  dam,  but  are  constructed  in  the  form  of 
brick  or  concrete-lined  tunnels  through  the  adjoining  mountains. 

4.  Wrought  Iron. 

Wrought  Iron  Used  for  the  Construction  of  the  Main  Conduit  Pipe  Lines  of  the  Spring  Valley  Water  Com- 
pany. 

Plates  to  be  manufactured  of  the  best  and  most  pliable  American  iron  obtainable  (charcoal  iron  pre- 
ferred). 

Piles  to  be  built  up  with  one  (1)  inch  plate  below  and  above,  with  first-class  scrap  of  same  quality  care- 
fully packed  in  between,  thus  making  the  body  of  the  plate  laminated  or  stratified,  as  this  largely  increases  its 
resistance  against  rust. 

Rivets  to  be  manufactured  of  iron,  fully  equal  in  quality  to  the  plates. 

Workmanship  in  manufacturing  and  laying  the  pipe  equal  to  the  best  of  boiler  work. 

All  pipe  thoroughly  coated  in  and  outside  with  a  heavy,  tough  and  pliable  coat  of  best  asphaltum,  firmly 
and  closely  adhering  to  the  iron. 

All  materials,  during  manufacture,  and  all  workmanship  on  pipe  being  constantly  subject  to  close  in- 
spection, with  strict  enforcement  of  the  specifications. 

The  following  data  are  taken  from  the  actual  tests  made  of  the  iron  used  in  the  manufacture  of  the 
plates  and  in  our  54-inch  Alameda  pipe  line : 

Thickness  of  iron,  0.275  inch. 

Tensile  strength,  longitudinally  with  the  plate,  varied  from  48,275  pounds  to  52,  790  pounds  per  square 
inch. 

Transverse  tensile  strength,  from  46,540  pounds  to  49,950  pounds  per  square  inch. 

Elastic  limit,  longitudinally,  from  32,430  pounds  to  34,800  pounds  per  square  inch. 

Elongation,  longitudinally,  from  20  per  cent,  to  24  per  cent. 

Reduction  in  area,  longitudinally,  from  31.7  per  cent,  to  41.8  per  cent. 

Longitudinal  bending  test,  cold:  Strip  of  iron  two  (2)  inches  wide,  bent  over  and  beaten  down  upon 
itself  and  squeezed  or  hammered  flat ;  did  not  show  crack  on  outside  of  bend. 

Transverse  bending  test,  cold:  Iron  bent  closely  around  two  (2)  inch  round  rod  without  cracking. 

(Note.— For  dimensions  and  specifications  of  cast-iron  pipe  employed  by  the  S.  V.  W.  Co.,  see  Map  5B  and  Sheet  5B1.) 


APPENDIX   F. 

Short  Outline  of  the  Most  Important  Section  of  a  Salt-water  Fire-protection   System  for 

San  Francisco. 

1.  Duplicate  electrically-driven  pumping  plant  on  terra  firma,  at  North  Beach  (perhaps  at  or  near  foot 
of  Van  Ness  avenue,  or  Polk  street,  or  Larkin  street),  each  of  the  two  units  being  in  two  halves  and  each 
half  being  of  a  capacity  of  delivering  sixty  (60)  gallons  per  second  (each),  or  3,600  gallons  per  minute,  or 
216,000  gallons  per  hour,  or  fully  5, nillion  gallons  a  day,  against  a  pressure  of  165  pounds  (including  2S 
pounds  for  friction  in  suction  pipe  and  in  one  and  one-half  miles  of  24-inch  double  force  pipe,  leading  alon- 
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Polk  and  Larkin  streets  to  Washington  and  Jackson  streets    respectively,    and    to    the    proposed    Lafayette 
bquare  Reservoir).  J 

North  Beach  electrically-driven  pumping  plant  to  have  a  complete  relay  of  the  same  power  and  deliver- 
ing capacity,  but  driven  by  turbine  steam  engines. 

Thus,  in  case  of  a  failure  of  the  electric  current,  the  turbine  engines  could  be  started  up,  on  short  notice, 
pumpmg  the  water  from  the  bay  into  the  Lafayette  Square  Reservoir. 

2.  From  this  pumping  station  a  double  line  of  either  heavy  galvanized,  lap-welded,  laminated  wrought- 
iron  24-inch  force  pipes,  with  double-faced  deep  lead  joints  at  every  20  feet;  or  24-inch  heavy  cast-iron  pipe 
in  lengths  of  twelve  (12)  feet,  to  be  laid,  with  deep  lead  joints,  along  the  two  above-mentioned  separate 
routes  to  the  above  proposed  reservoir. 

3.  The  four  (4)  pumps  being  so  connected  by  a  system  of  gates  with  the  two  (2)  separate  24-inch  force 
pipes  that  each  of  the  four  5  million  gallon  units  can  send  its  water  into  and  through  either  one  of  the  two 
force  pipes. 

4.  The  reservoir,  to  be  constructed  on  Lafayette  Square  at  an  elevation  of  about  340  feet  above  city  base, 
to  have  a  capacity  of  about  20  million  gallons,  constantly  stored  therein. 

In  case  of  a  serious  conflagration,  although  the  full  contents  of  the  reservoir  may  be  available,  one,  two 
or  more  of  the  North  Beach  pump  units  could  be  set  in  motion  at  once,  thus  keeping  the  reservoir  practically 
full  during  the  greatest  period  of  draft  on  the  same. 

5.  From  this  reservoir  two  independent  24-inch  outlet  pipes,  of  similar  quality  and  construction  as  out- 
lined for  the  force  pipes,  should  start,  each  one  from  an  independent  first-class  concrete  gate-house,  with 
brass- faced  gates;  one  pipe  line  to  follow  down  the  north  side  of  Clay  street  to  the  east  side  of  Van  Ness 
avenue,  and  the  other  one  along  the  south  line  of  Clay  street  to  the  west  line  of  Van  Ness  avenue;  the  for- 
mer one  then  to  turn  down  in  an  easterly  direction  along  Pine  street  to  Montgomery,  while  the  other  one 
would  go  along  Bush  street  to  Sansome. 

These  two  independent  pipe  lines  should  be  interconnected  on  safe  and  solid  cross  streets,  but  with  their 
connection  gates  ordinarily  shut;  these  cross  connections  to  be  put  on  north  and  south  streets  that  have  no 
electric  car  lines. 

The  above  main  east  and  west  streets,  viz.,  Clay,  Pine  and  Bush  streets,  also  to  be  kept  free  from  electric 
car  lines,  to  avoid  electrolysis. 

At  every  street  crossing  on  Van  Ness  avenue  and  on  Bush  and  on  Pine  streets,  from  Van  Ness  avenue 
east,  crosses  with  proper  gates  can  be  placed  for  eventual  north  and  south  extensions  of  these  branch  pipes. 

No  hydrants  should  be  placed  directly  on  the  24-inch  pipes,  but  always  on  specially-provided  branch 
pipes,  with  extra  gate  near  the  main,  thus  having  the  security  of  two  water  gates  between  each  hydrant  and 
the  24-inch  main  pipes. 

6.  Each  one  of  the  two  independent  24-iuch  Pine  and  Bush  street  pipe  lines  could,  at  a  moment's 
notice,  deliver,  at  or  near  Montgomery  street,  and  through  the  hydrants  connected  with  them  120  gallons 
per  second;  or,  with  both  24-inch  pipes  in  full  operation  240  gallons  per  second;  or  at  the  rate  of  fully  20,- 
000,000  gallons  per  day,  under  a  net  acting  direct  head  of  120  pounds  per  square  inch,  or  about  275  feet  pres- 
sure, at  the  outlet  of  the  hydrants  there,  and  zvithout  the  aid  of  a  steam  fire-engine. 

OR,  in  other  words,  if  a  large  fire  supply  should  be  suddenly  needed  somewhere  along  the  lines  of  the 
Bush  or  Pine  street  pipes,  and  west  of  Montgomery  street,  then,  in  that  case,  a  number  of  hydrants  could 
draw  at  one  and  the  same  time  up  to  a  total  of  120  gallons  per  second,  from  any  one  of  the  two  24-inch  pipe 
lines,  while  maintaining  a  good  gravitation  pressure  at  the  various  hydrants. 

As  a  matter  of  course,  on  such  portions  of  the  respective  24-inch  pipes,  where  the  ground  is  more  ele- 
vated than  in  the  Montgomery  street  flat,  the  net  acting  gravitation  pressure  would  be  correspondingly  less. 

Still,  owing  to  the  great  elevation  of  the  Lafayette  Square  reservoir,  a  good  fire-pressure  could  be  main- 
tained in  the  entire  region  traversed  by  these  two  24-inch  pipe  lines,  with  their  branches. 

By  thus  bisecting  the  city  from  east  to  west  by  a  belt  or  tier  of  independently  protected  blocks,  which 
can  and  should  also  be  repeated  from  north  to  south,  the  city  could  be  divided  up  into  large  protected  squares, 
each  square  comprising  a  number  of  blocks  across  which  it  would  be  difficult  for  a  fire  to  make  headway. 

The  Lafayette  Square  Rerservoir,  being  located  on  a  very  high  and  isolated  peak,  could  eventually  be 
made  to  feed  (either  by  gravitation  or  pumping),  other  salt-water  reservoirs,  to  be  located  on  independent 
heights,  each  one,  in  turn,  having  its  special  district  to  protect. 

In  selecting  the  proposed  routes  for  the  force  mains,  as  well  as  for  the  fire  mains,  I  was  guided  not 
only  by  the  fact  that  the  streets  mentioned  are  built  on  solid  and  consequently  practically  safe  ground,  but 
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also  by  the  fact  that  on  neither  of  the  streets  nor  in  the  blocks  mentioned  did  any  break  occur  in  our  street 
mains  during  the  late  earthquake. 

The  plan  for  an  effective  salt-water  fire  protection,  as  above  outlined,  is  substantially  the  same  as  pro- 
posed by  me  to  the  Board  of  Supervisors  about  ten  years  ago. 

Since  the  earthquake  and  subsequent  conflagration,  I  am  convinced  more  than  ever  that  in  a  city  subject 
to  earthquakes,  where  many  miles  of  the  distributing  domestic  supply  pipe  system  must  cross  and  supply 
swampy  as  well  as  hilly  regions,  that  the  fire  protection  of  this  city  should,  under  110 .circumstances,  entirely 
depend  upon  hydrants  placed  on  the  net-work  of  pipes  used  for  domestic  purposes. 

With  an  independent  fire  protection  system,  as  above  outlined,  the  routes  for  the  main  artery  pipes  can 
be  carefully  selected,  entirely  avoiding  swampy  regions,  only  entering  the  same  by  smaller  and  easily  con- 
trolled branch  pipes. 

The  conflagration,  which  started  immediately  after  the  earthquake,  in  about  a  hundred  separate  places, 
quickly  assumed  such  dimensions  that  hundreds  and  thousands  of  structures,  largely  of  wood,  were  in  a  short 
period  consumed  by  the  flames.  As  the  conflagration  rapidly  progressed,  the  burning  and  burnt  houses  fell, 
and  thousands  of  the  service  pipes  that  had  been  supplying  the  dwellings,  hotels,  boarding-houses,  stables,  fac- 
tories, etc.,  with  domestic  water,  were  torn  off. 

These  pipes,  according  to  their  uses,  varied  in  diameter  from  five-eighths  of  an  inch  to  four  inches  and 
over.  They  broke  or  tore  off  near  the  level  of  the  ground,  or  of  the  basements,  and  there  they  continued 
to  discharge  the  water  from  tne  street  mains  in  thousands  of  inaccessible,  and  therefore  uncontrollable,  jets, 
large  and  small,  thus  taking  the  water  out  of  the  street  mains  and  away  from  the  fire  hydrants,  generally  at 
points  located  at  a  lower  level  than  the  respective  street  fire  hydrants. 

If  this  city  would  profit  by  this  severe  lesson  and  would  construct  either  a  salt  or  fresh  water  fire  protec- 
tion system  of  pumps,  reservoirs,  pipes  and  hydrants,  but  entirely  independent  of  and  disconnected  from  the 
domestic  supply  system,  with  its  many  tens  of  thousands  of  house  taps,  allowing  no  connections  except 
street  iire  hydrants  to  be  made  with  its  pipe  system,  constructed  as  above  outlined,  there  is  no  doubt  that  a 
conflagration,  starting  like  the  late  one,  could  be  confined  to  comparatively  small  limits. 

Owing  to  the  great  pressure  that  such  independent  system  would  carry  on  its  mains  and  hydrants,  the 
many  hose  companies  that  would  then  be  scattered  all  over  the  city,  in  case  of  a  recurrence  of  a  similarly 
severe  earthquake  (immediately  followed  by  perhaps  half  a  hundred  of  separate  simultaneous  fires),  would  be 
able  to  control  the  fire  by  attaching  their  hose  to  the  nearest  fire  hydrant  of  the  independent  system. 
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Map  of  Burned  District 


to  Trpnired\ 


/fvmier  af  6renrYs,  cnusvd  by  the 
CnrfhffnHt  af  /t/>r-tB-o*,  vnStrret- 
P-rpts,  repaired  up  to  Ji*2i/  f8-'6  ■' 
A-  lnandc?atttob"rntE>;1tr:  2,76. 


outsfdt  burned  Dish     .    £■  c>u/.:,.* 

ftptf  brektn  by  Thtxt  JGyfbrvaK,   i-n  Se  rr/tr  H  fully  23*0 

EirrtofHx/rr  ef/tpr/8-M  - 
in  unturned  Qiitritt 

Stony,™  l<^  £*/■*  -WWJ 
Chritrtijnr*r/iatie    -        - 

JJrvU.,rf*r<:  «  (J four      -  - 

lembardnOttavia- 

S-*r>tA'X    *./♦£■  -         - 

Vntert  «  Ortavia    -      _ 

h    n*_    ti    Jtui/t-m.lr-  — 

CrejceittncirAfi'iit'ort  _ 
TiffnnyAv.M.2B*ifi  _ 
Dfvt'Mdtrc  r.  Bu.th  ■  — 
Ocean  Htmit  P(pe  — 

LaAefknda.r\ti.leHicraatletP. 
rmVtrnFrcJtriof 
Saoamvrt  *.&pitul 
dapiM*PtymoutK      — 
Filtnwrt  nttriontlanf- 
Twentitlh  e.efritntutJiy. 
Miuio*  r>0nendctpo     - 
£"th't  tcf  H'rfijSi-r  "  fit/meet 
•ftrta/Tt  onZrodtevaK  n.efdomlai, 
Jc/7'eupn  ilombxrd     — 
WUmera  near  t,<mtbn.-rd 
OaffSt  /t/»roi.>JiU.»tjj'wn.i 
ff/i'f  »  /.off  una.      -     — 
Tirol  s&wftrrvfie    TfSTfSi  turned. 
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to 


Proposed  /6  Miff* on  Ge Men 


s  oreifcfffetf 


ffescrvoir  on  Htc  /SoMea*  rocky 
3/vffa*  tfic  need  &f  tfer/rt/S/reef. 
&/  /So'e/eref/o/r. 

by  -ffte  Board  0/ScjpcrvrJors   //? 

(Torre  /Sf3,  orvfer/rtf  /?/o*/ey  e?r?cf 

WaSsfer  Streets  ou,f  tfiravfh  Mts 

oss/aca  pra/ocr/y    0a#//7Sf  -ftie 
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DETAILS  <"■  SAN  AN0ffe\    fUff£8Ar$    SffOMm 
EFFECTS  °'  MfmtQMffl ■    °» G/f/CTT.    FuffEBAr 

SCftLE  t/alw*  Stc  Pfiolooraphifnxi 


I 


South     ofSrt^ath     'X.injio .  9     Jusl 


S$      2L-    ■  fOO'north.of  brido<£t.)-ui*.u>noTth. .  SeutKe.nct  tetes  coped.)  ran 
Z/~  TAen*Ttt.™*(f* north.) mwett  nicest  o.tu£ tetosc.  *,"tPCl.  Jo"pifie) hfap/3 


•M3.    ~30'PU  P,pr   putted. ip^rt^Z', 


of  S: 


ZQ'Pil.Fipe   in   Fhtttt    ne^rr  r*  South 
1.7  77    7~T^iAj?etf  C^TtO-n  -  Co?Zi*pSec£.' 
fiew  "^ -S  <»  **  rJ>- 


J&S;-   30~Pi(  Pipe  telesctf.ikrouonStdetvsys 
enbndot     --      -  ■*''    ''"    '"  -'' 


jTna.7.7  /■V.  Cuiton.    Kf'e*«  sou.tA.. 
rsrs  pipe  rf*5o 
C  onMftnl 


dc       d  "t'^t  i     /     r,  bB4r*0^i«        -     .  ^ ■■    ■■ 

F--Tuf£  crosses  pi'pe^  4t'agon-aZZry 


S&f  -    7a"Pil  Pipt  .    Htfail  of  north  end 
of  ArcafC  On    Vt'ewJt?%, 
E,onMap13. 


Ji**J        3o' Pi'?.  Pipe  pullttt  apart  over*  3 ', 
F~it\t{t  crosses    ctt'f*afo/ta??y 
ncAT  tf.-zn  Anct-rss  Reservoir'. 
G,,  on  Maa  73. 


*A?  8    Destruction  of  heuvy  br>iof<?e,j7ioiovc-r-  too' '*/" ' 30  PH.  Pipe 
wr  targe?  F~-rtfu*Zey  Corton   -  Pipe  Tom  on  tu/o  isnet  thrown 
ti'drtttogsotrer   fo't^to   Carivn.    6e2ouJ .        View  north. 
JB,  orzMa.pi&. 


\t/2<f.    Same  o.s  iA>$&.   /ieu>  etown.  stream  =•  E*s£.    Showing 
t^oholvcs  of  Bo'Ptpc  thrown paralle?  to  tact*  other". 
B,  on  Map J3. 


j/f/O.   -Ss-m*  as  &  *  9  ■    fieus  upstream*  fttcsf.  Defa-it  of  &r,;sy9 
thrown,  from  4to  to  5~0  to  the  west. 

B,  on  Map  13. 


Si 


>/fi>ll-  Pifarcitoi.  Wf.  SanAndres  Vatleur totcte - cjboiu  c  rustic- a* rc*,t  front 


j/ktl.  Snrrrcaslt,  uicu^^rt    £"?"'  enc£  &**">**■  2.0~~  north..  MprtMaptZ- 


J/£l3.Samc   li"Pi)>e  teletc.  *  / Fovt  ,   t  /oorjarth-  of  j(V II  -/Z.  M,  ,onftfa/>/3. 


*»■  nr^A-^$:4%  -- -^fe 


Hey 
OnAfnp/3- 


$$£?!Mi 


JV?/y.    J.jmc^/)p  ai  ^/».    pfpr  p«lttH  apart  1  Irttti*. 
i(,oo'£ast   of   County  Road.   OljMapt3- 


lf?/r  fruit   on*  Mite  southeaster lu    fr*™*?**'*^'****- 


J{<>  10  Wire  fence,  SanAndresVaUeii.bctwcrnMiUi  piston,  nearly  rre/jugu 
artok*ultti»denrcsiwaiustbcyondB,B)maue<fTtnrthwestiA>arJl;, 
about  1$ feet, from  line  B  DE to  present posttlon  B,CJJ.  fyeur- 
position  of  pence  being  practically  parallel  to  old  poiil  ivif 

fSce,.HonMaprf  /&, 


n'**tt&arArlMi.Map'3.   ■ 


tn%/f  Fiiftt  ,vtrtotaKenf>»mfKticikr*iJfSir.lf<et^  f/ort 


J6Z0.   HfCryshl  Springs  Pipeline   i  n  ecru W  o/ reconstruction 
on  pt  U  trestle  <tnd  6laottTi&.   fivw North..  Operunf  in  pint,  to 
r°ccfUcfle*tMe  strapped  laadjoin,t     Me  theLmc  completed  i-ntf 
S.i7zBfi4-noM.irsh.-Sou.th.£ncl.  2& 


ot.it  af   2  p€an,!C.  * 


•AZZ2.  .  4  */''-'>■ \SprP,  S.in.&ri*no  Murs K  .  tnttrinyfrotn.  fight  AA*J 
from  firm,  tnarsh  on  original  baits  *>*trtny?ri,  to  ioftma-rsh,,  iViNx 
recunjtrweted  o/ocA'irtp  onpiiecJps  K  plant  j  trinpers 


*&*.%.  HM'tr.Spr.F,  sh.*u>^ng  ortyirtitt pXeroLtnd^torr  W(>A  c^f  . 
pUnK strikers,  on  6lo^iny  made  o/ 2kri redwood  pt^nrt 
Spitted  cross  ntcnythvoise   and  6  Ktipirte  cap.    Ftc Kf'6te  yo^nt 
&«■  to)  in  place  ^trapped  ^straddled  urt'tA  f-  gropes  ,w*  <fJ!?r#alo 


%tiSjL*f.37  'SnnAndrcs  pipeline  eOr  B^iden  Crossing .    hl>uT  Iron  I  tips 
that  corresponded  with  *fLu.<gs  at  X  fwere  torn  off  6tj  Earthquake 
intT/c/ny  *i  Ttifgc-d  holes  in  pipe  ±  S"" lo'.   TJicse  hates  tocrc  closed,  by  4p2ifrjY 
mne/e  o  ut  old  pipe  r\  puT  on  with  tap  bolts  xrubber  ffos/tr/y  .  Then  stToppc<C 
*jithutire/th.rre*iftcr  ilipjoint Z toas  straddled  by  6  urirc  ropes  from  bonaviayr. 


it/°2S'.    P.-itdies  K  Strapping  us  in  jf?2t(  shown  .it  r(aht a/tales 
Z7"S.A-ft'ae 


J€Z6,.  Crystal  Springs  Concrete  t>am  aftertfie  o*rth.?u#A-e 

•Sec  Cross  M,£-o7»otC    iectth-ns  H  Details    0r*/??an  fi. 


JV?27,  Crystal  Springs  Z/ppe-r(C'ixyJDam  -  Fault  passed  nearly  xtrtoht  angles 
thrauoKeatt end.  of  Dam.  atA„,AA,A„  .  Westerly  Jfeef 'Oa/n  lu.ts moved,  uiith.  maun 
tern  and vaflitf  west of 'Fault,—  from  8 '??  fcrt  northutest*t>vr-cClu.    See  ere/i 
Section,   anot  Con  fit  Sect,    on  plsjt  6-  fence  A, B,, before  tfe  arth*}t**/et  tvos 
,itfi-B  in*  strjifhJlin.c  fence  C A,  ivh/tA  crosses  over  bluff on  Mf/  SiWc   of  r^uZC. 


8< 


Seaplane.    Fa.u.ttpajJei  *'>rvuon\'roc#Uuffat£a.seet,fc 
ofD.-*r,T.atC,  C  Clt.    Line A,B„b*fvrcth*c*rff,9uf,f(r was a/> 
A&  .    everything,  uses/  of  the  Fault- durino  cartfr9u*fo  f 
i'neZ  dam. ,  wftetj*.  mountains  moved north  utettioarctl 
fully  7.  'from.  A  toA,  x  fromB  to  B,  , 


KTUtfxe*  ttri c/ejyas£<rui»ir  tunnel  J&s^fr  undrrprauiii 
OrtMACen  E  *  P.  " 


trtftX.  Creeks  Urouoh  Rock ttuff  a^s-inst whtoAFtttt end  of  S^n  A-ndm 
Darn  zl6u6s  C  ihoujs  m^nAoZc  of  concrete  J-adcsCree/e erouaductr, 
tohith,  alMouoh,  <Jr-<x.&ped  northwestwardly  4f  C** betrrprir-t<£ on  tkafauZr ) 


W.V  -not  tnjwrret  *  not  even  craoTr^, 


<rf$  30-  S^nAndrei  L4iJ fhult  L°vK>-*p  north  «seit.  AB-C-D. 
r™nonkii8.ClcCu1ic,infrr*sht!lnebcVOTut  pointy 
JJf30)onbU<ff. 


j{?9t.   Snn/lrtcrrcJ/rJuZt;  tatte^from  po,'rU  &  onBltiffon  pu=eu^e^?3o 
lootCno   Sou-theattwa-rUttf  ^.torty  A„A,ABCC,,   CiVtjhed  6rt'<A  '       ' 
W.istctuet'r  turuxct  C^S  33  *3i,)ltes  umctrr^rounU  dehoetn  A  i  B, 
Thecourse  of  the  tTrT tunnel  is  from  B,toB„  .        In  the  distance 
Crystal  iS/tr/nys  Rrjertvt'r  ij  seen  . 


JiSZty.  //eav*i'rn£ier  CAutc  at  outlet  of  ert'cfru/XJtcty  tunne-l,  C  J'«- 
fioint  B/t  or\</J$$l)  bodto  ctrjhrnf,  fi'tut  from  tunnel"  outlet 
deport  a  lorn?  efiute. 


OUTIithridtZaldinr-ti^.cemerft-nioreir.   V"t- one brtdr parted fr*>*        #c    jw„j; 


/if3£-  Sjm.f  7~,'m6es  Chut  e  <zr  oX  tA^J*  .  but  Coo/Ccny  tou>a rots  6rtc# 
tcesuie.1.  /Zx-/l'  timJ^ers  tkn.t  toerc  formerly  vertt'cctZ  zzro  nout  /«  . 
runiot  oQ* from.  Pert  Ccetl    /Voti'ce  Iron  dogs  pulled  out of  ca/;j 


*A?37-    Tl'mbef  dxute    Cooh'^iy     doujrtutsrtl  % 
dtYectt'on.     tu  i/>$3?- 


*n    c-fyocj  i  f c_ 


i*?36.  Br/'driocuceteerrtunnvf  /ookinf  towards  crushed  part   of 
Same,  tn.  opp»j,t,  direction  to  Jf*  33. 
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Af3ff.  S^rx  Andres  Hey.  ot*±lot-g*to  welts,  6ef<,re the  *arfaou*t(e  .A^ortginxt bridcWcll 
BnotrcoTtcretv  $atrusclt.  d.- Concrete  Tn.rn/iole  down  to    outlet  £  writ  I 


jfetil.fterY  south-  east.    Heavy  Bridc^ctment  G*.tc-r»e(Z  crnstied  in 


^/S'3<f.rr4'euiSauth.VLftu>nrdlu.  Sht/fjino  ff&fvtveUs  >f«5,W 
rmuthoLaC  ihithe  ttists-nce  ,    I~n  foreground  is  s/ijjivn. 
the  SnnAn-dref     vstrthejttffce  F^tett  crossing  pcnj'nsulj. 
Titx£  north   of  Catewclt  peninsula,  w  ttia\£~atter  it 
itlsa   crossed,  eruf/i''nc>  drft/c  ga£*t+>ell AO**  rmot  from, 

jff^O  to  *^AotA  Cncf.)  but  not  the  concrete  km! I i  S  *t  C. 


Mt/*t.  V*k#  -north-wit,  Cttdc  A-A  on  picture  J&H I,  w* 
en  inside  of  well  =  A,-At 


j/fjfn,  /iewsoxtk.    Brttfi  yateu>f/{  A  in  tr^r  at  of fault,  crushed  bjf  STn^t/>att^tr% 

Concrete  rVeU  B,  northerly  from  A ,>>  ufit/uh /(7  of 'jam.*,  escaped,  as  irZsc 
did  manhole   rfctZ  C- 


X? hi,  r'ie w  tast*  Bride ystetvcU  crushed  in 


&h$.  Brick  C*U«eU    cashed.    f>W  N*rth-*>C9t- 


J$4{>-   View  South  ■   Crocks  B-S  on  picture  J/°4$,  seen  on  isnst'de    of 
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**fi4/6.  t-odCs:  t^ree/C flume  (litre:  $'«3')ii*   upper  San  Mateo  Canon 
partly  destroyed  6  y  Slides,  caused  hyFarthf  **<>**  fr  'sttrre,  Severed 
nwndret*  fee£  sMove  flume  . 


<&u7.t.odCs  Cr.ft-uTn.eiC here  #x&mmstJti£*£S.xn  Anetros  V*£U# 
(rnrthovaKe  fa.u.1 t  on.  opposite-  S  tcfF  of  Fvlhyfy  partly  cfe-str,  oy  *nftk~- 
qucttte  . 


di?  *t% .   S**/r%e  flume  -if  *m.  tytj  only  ^.tittle  further    north  ,6einq 
i\e*  r   intet-  or  west    e  net  of  i?*/  pipe  fhewii    on.  f}ietur~e$;/lrytf5', 


*\S"\^-"Sw«-\6'0t 


j{%Ma-  Some  flume  as  47*Ve/6uton  East  Side  of  S.inri  n  dre  zVzrltay 
y^3*6ot4.t  6oo'e.ii3t of  F~xu.lt  line  .  C+ltapsrd  from.  A*F&.  -BtoC flume  sou.net. 
p*  Cryttat  Springs  eXeteruoir  in  ffie  distance,    //ew  South  ejzst. 


it/?£o.  tie**  of S-tme ft trme  from  <*.poir>Z  E,ft*rl/icr  north      £-A  =■  Sou-: 


A-Sjwpieee   .is   in  J/fW  cttapsed    B-C ■Svv.ntt 


Urs. 


%\U(»  Y^ikA*. 'OVj 


B. 


d/**t    $a<neffume,    fie*' norttwStj  flu»*e  Colt  *f  seo*  f-$o*<tfi.^ 

of  Sen  Anders   Da-n     Fault  crosses    spur  just  6elou3 FC't>Pcrl<ft<*""-i) 


y^fS"--  t-ocifs  CrcefC  flume  cross/no  over    ScinAndres  tridc  w^SCe-rreii 
tunnel   o7t.  ?r-cstle*0orsr4-&.  Outlet  of  6ridCtu.nn.et  C-C-  C<33\3&/> 
J-n  foreground-  top  of  shattered  J-f'mber  cAnte  fs*-e  Stt3#.3f.37j 


tiff  $3.  Sa/nc  6 *9 i-ooYs Cr  flf  ne.ir  San  Andres  Dan?  aestroytet  f son*  A  t*&  • 
point  B  moved-  ^'further  auray  from,  /i  ,tAo.n  before  Jhe  ~3rt*ouzJCe. 
(f-  D  ■  £-F  is  the  m  sin  San  Andres  Fault  in  the  Muff  at  **st  and  ofS*n- 
Andres  £>.?m ,  toAtd,  /icS  .xlittCe  6eyo-n.cz  F~ 
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^i//?f4.  LnHcftorxttn.  f^-cse  r  votr^buit  t  by  £npr.  Van  Schmidt from/eco to  /8$4. 
Zarfh ?*,,#<■  of/fprtlr.  eraabet* iv*tt  Xpicrs.  Repaired  Sygrout/nywi'tt, purcCemnU  Cra#AB-c;npi*r- 


wait. 


Jfctt. 

Picture*  frt?mMi"7  to 


show 


5  an  Francisco  Street j,  thstsufa/ct'ectfrom. 
Ont to  five feet tJttrJno  the  earth  <f*tn/Te,-  vt/iers 
ft-  -/  subSfcfcrfK  7noveef  stctcKtXt/Sfl'cxrin?  /vrari  etc 


ofiSG    5.?^A«.  as  t'rt  $"*/  Xfi'-  Shvtoinf  three  pvnrts  with,  groutctf > unprourr-d  emefe. 


Aff7.Yh/Mc'*S?y.  6etioeen  ffft$  */9fA  Su&s*tfe-</  . 
u.6ok?  five  feet;  destroyf>i$i  Sewer  ,a/?d  6es/etes  ft^$  1 
i  l&ctrt'e  pfpeJ  *■  ooTLcitit'ts /  lore  of  one  /&   and  one? 
2  2  "water  {n.ain~,iA>hit&.  zrftA.t's  fooiyit  fatze*-    abou.* 
#■$  16s.  press  u-rtr. 


%H?$9.  Va.iertcin.Str  Si*wt*n  portion  oPStr  chouimgtuto  .ibotir  one/fcncy 
pipes  "on  Top  erf  pavement .  fttso  £~JStz/{  ns//A  cartrjtzte  jr  SrvtCest.  Sett/rracA. 


077Li    i,r  tvAM  hwSecn  tfohtiy   <?  route  <J .  t  panet ,  the  /„t 


iqfi'#.rlrHS$euto    6//ett»/>o  Z* 


no  ZVife,  "pipes  aw'tArfy  replaced e>it  Hi{.S/&«  iVontoppsvcment  ofS€+n.ftejL 

Street. 


0/?$a .Shouiinylemporar^  -,m.er^ene¥  rep*,v    ef3?'U}ro*fhe/re,Trfitai,t.p.r^ 
'   0*0n.  Harrison  &£■ 
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W?S9   Brannan   Street    su6Sletect  ncT**ep*n 


^J6o        MsLrXct  St.  toestofSttur-zot  -iuri/Ten  r,/6pf'pe iroKen.. 


jftbt    C*pp   Str   *S, dc to*?*   tu-ntrt 


J&63.    Wtk  St  east  *f  &&?' nc  tv.  Street  torn  ope*    See  utaterpipe  belt**. 


ri  HotoxrctSt.nortKoftS^SttnKrn.  KiMtt'steetCwortrvcfaJ 
One  %Opip't  one  Z4>"  a  net    t*o°    6>')»«  broken  At,  crrrth9u^tre 


x//?6J.  MarfCet  Stnearf&rrtf.  Street  subsided 
f  6' mater  pipe  ruptured . 


i/f?63.V?*lcne/a  Str.  -rzc a.r  /? # Su6si'ete^ '£Vee-+* '*9J three StoryHotet 
r_olfj*/i?rct en  th.e  left.  F~eu; minutes  .7/^r^c^rf  i*jbs  ta*e?*~,the 
fr'-rr  ft^cpt   it  eCcsLn.  . 


isfibt    QPter   o,c*v  of' SX-i^e  ^shotvinp  tzt-rfchotc 
^tXunfTen  Street;  ctso  «J*ter  pipe    utx. 


Xfi  64  Viz*  taKwn  oh  Valencia.  Str.  Zoofiinf  north  tA-B-e-crossmv  oft9XSS^)ik^9 
^V=6*  «**/•*        "  ta£*st  B-B,  orient  positive  of  Center  of  H"tte*rb™* 


^TJ^yrT/en^oWti^since  *********  i.«t*r*t  ^ve^rf^y 
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*$6&.Crosftn9  of 'fft*  *Hou>a.r<i .  Street  sunfeen,  /z."*  ZO  pipes  ruptured. 


,M°  68.  Along /8U*  from  ffouSarct .  Street  su.bstd.cU  ,./>//*» t>rofcn 


Jfifct.  El nst S>'cte  Howard 't  between  /?&A/*tfy 
jApw/nj)  effect  of£-'"rf/iiytx*tjt<>  o  n- 
6ttitt£t'rt(i?. 


4i7aCr*s9,n?  7&*Ho«,ar££St  /6'pipe  6 adtu  fractured .(, 


lot  yet  repaired) 


\tff69./9&tJ-t^O0/t'rtp  fVest-StreetK  Sidetv&Lrt^movcct 
north  i3.6ou.t,  S-fee$.  BritfC outtdt'np  aire?  movcet  some.. 
tvhat. 


J&7/    Street  on  Water  front  badty  tro****-  «/=> 


,/a™      IttthSfr  near  Valencia    Sewer  rupture*.  0 r</>*  ore** 
**    2      Z»ie  as  J&6  -i/p'cture  totCenfre*  sii$KtOf  <**~?ec/  pat. 


ruptured.  &[?'/><  6rv4en~ 
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**?73.  fan.  Vcss  /ft,cn_ue  between,  falleioS?*, 


lie  jo  S-  «s  Broactusjij 


J(i7&  Mission  $fw£r  7  Qthz  front  of  Post-Off  ice 
looUin$>  S.  W-   S'reeta  tx  bactiy  Sun/Te-n  >s  n<r> 
(See.  pictured  77) 


tUristeel 


W?7y.   Union  S*  tettoeen.  f 'teener  ^  fierce  St.    Street,  Cable 
r-oezcC  ,  SicfewaUCs,   Jester   *>  &tiLer*p?fftJrr\m.0tsec£  {jtcratty, 
5r>aer-zt  feet.   -  Mote:  A-A,-B  sha&os  farmer  position  of  Center  slat    of. 
tiortk  Tra-efc  .    (lo^/tin^  west. J 


>'N. 


JhlH.  V3.nNezs Ave  near  Pa-ZZero . 
8 "water pipe  TuptrcYect. 


•/V?77-  Mission  SVi^tfrcntoftost-Offiee^ear  7&/  Street  S^n^en 
r-a-is eof  k  turis ted '.    t%"*ifa£vr-/»t'pe  rt4.p  ttc  reel  . 


*M?77A.SVe*i  Post  Office  .SidowzHkuStreetsuDsided. 


j/?$0.  •SJ/nT  as  j/^7f fOizltfl^KerLfrom  different 
point.  Mote  destruction    of  formerly  afyaepAt 
Side  *o-£t7K+ 


jfel$.  v-a Mess  /fire,  between  Vc*Uejo  njtreaefway. 


<Mt  78  ■  Mar  Kef  St-  Cor.  of  Spear  St.    ftreet  sunfen  seircnalrcet 
f(y''wa.terpipe  ruptured- 


J@#/.  Union  SS  toitA.  Ca&feHoaet.  Same  as  -t£?9tcnUy  taJtef. 
in-opposiN  dircction,l°otfin$ from  h^st  to£~<xst. 


99 


Vfeurs    of  ^Streets    in  former  business  Section,  of S.FT shototno  enormous  masses  of  debris  pffed  dznet 
accumulated  otzSrreets  k  Sidewalk's ;  mafcirig  itr.xtremeZy  difficult, slow  Y>costly.to  lac ate  *xncl  re/vair, 
6re.ltfs  and  £eaAr$   in.    t/ie    •Slrcrt-main*   KrVtHSJeJer  trice  j>//3rs,  tAjft*'<r\  *r<*  lc<-&tc<d     esnefrr- /icrtA  ffie  debrif. 


sHzSZ .  Debris  on  Battery  S£  Aiorth  from,  Cee  lifer nt'a  St 


tt/?g$  ■  Debr/'s  on  CalifornixS 'finest  of  D  ru?n  771  St. 


\Si?  Bfy  Debris  onS^icrarrxcntoS-^ir-cstofBrurniTX  S£ 


S(P8S.  Debris  on  Battery  St  loo/ting  J/brtn. . 


it/286,  fianscme  Stloofri/^/iortn-from  Bvtsh 


itf?37.  Debris  on  BezttervS?  South  from  Cal/jfa-fnix  St 


rfSB.Debris  onFrontSi Mrth  fw  C*Kfo™'* 


st 


ioi 


/7 


*eurs,  subsequent  H  supplement*  I  to  Photos-  26  .  27.  33.3f^™r„*< 


^98  Crystal  Springs  Concrete  $am  .  Loo /cinotf  West 

rSHwmg  top,  frxsteurezr  o ver Center, fan >et 

lower  Slope, 

(see  J&   %6) 
*P7an  6. 


iM/00.  Ceneral  view  of  &y*M  Springs  Concrete  Dam,  showing 

Gate-tower,  Wa stc wet r  *  portion  of  Reservoir.(Secj@z$/'t8*>toi.) 

KpUn.6. 


«Ag  99,  Crystal  Springs  Upper(Clay)£am . 
Fault  passed  through  northeasterly  portion 
of  upper  part  ofembankmen  t  at  A<>  ~A  -A,-Atl . 
%  of  Darn  with  tnountains  ft  valley  west  of  Fault,  was  moved 

parallel  to  its  former  position  from.  8  to"? feet  northwestwardly. 

A-B  -  original  position,  of  north  fence.  A,~Br present posit/'o??  of  same 

fence.    View  Southwest.  (See phot.  t/iS  %j) 

'n/jtan  &. 


A. 


*>@/0/.  Crystal  Springs  Cencr.Dam .  Lower 

Slope  fiitoe.  Looking  j/?)dest.  (See pkot Z6,9&, 
/oo  v,plan  6.) 


xr/s/02.  Showing  Santlndres  br-t eA&ate well  on  the left,  crad<edhy 
Faulty     and  Concrete  CSatruxrll  on  the  r-t'gnt uninjured . 
Deep  Ci-adC A-&CM  strudC  northeast  corner  F of  Concrete  CuiteujelZ, 
also  tore  decphole  in  the  ground  at  the  soul/ieast corner. 
(See  plan  /3.  H  photographs from  Ji?Z8tojfi*f$. 


J/f/03.   San  Andres  Beseraoir  hridn^astewcir  tunnel, 
look™?  in  opposite  direction  to  phot.  ih^33.  showing 
first  class  character  of6ri<rXioorA'(ccmcntnioTt€tr 
same  as  in  .*?  97.)—  F*uZf  crossed  tht's  tunnel*. 
lohioh.  it  crushed,  tearing  portion  of  the  s&mc,(as 
shown  in  this  view)to  the  right-  nort&n/est.  Total 
uoTthwestwaTd-rnovementt'7'(Sce>)G'5'5lZt>yipZanto') 


T03 


/myf 


